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CHAPTER  I 
GENB1AL  R5XARKS 

General  Description 

Principal  Dimensions .Weights  and  Characteristics 

Interchangeability 

Parts  Carrying  lumbers 

Characteristics  of  Constructions 

Buoyancy 
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CHAPTBR  I 


1.  The  complete  torpedo  is  com¬ 
posed  of  the  following  assembled 
units : 

War  Head 
Exercise  Head 
Air  Flask 
Afterbody 
Tall 

Gyroscope 

2.  The  designation  'Mark  13 ■ , 
•13-1"  *nd  M3-2*  applies  to  the 
complete  torpedo  and  to  the  air 
flask,  afterbody,  and  tall.  The  war 
head,  exercise  head  and  gyroscopehave 


given  over  their  respective  de¬ 
scriptions  elsewhere  In  this  pamphlet. 

3.  The  Mk.i3  torpedo  is  the  first 
torpedo  originally  designed  for 
launching  from  aircraft  only.  The 
Mark  13-1  and  13-2  torpedoes  are 
similar  to  the  Mk.13  except  for  a 
new  design  of  tail  and  other  minor 
Improvements.  Mark  13  and  modifica¬ 
tion  torpedoes  include  increased 
structural  and  launching  strength 
without  sacrificing  torpedo  control 
or  effectiveness  of  warhead. 

4.  The  general  outline  is  shown 
on  Plates  1,  2  and  2A  which  dhow 
the  relative  positions  of  the 
sections . 


individual  designations  which  are 


AND  CHARACTERISTICS 


Torpedo  Mark . Mk.  13  Hk.  13-|  Mk«I3^2 

War  Head  Mark . ”  I3~~  T5  IS- 1 


Exercise  Head  Mark . 

Gyro  Mark . . 

Diameter . 

Length  over  all, with  war  head . 

Length  over  all, with  exercise  head.. 
Length  of  war  head  to  joint  line.... 
Length  of  exercise  head  to 

joint  line  with  towing  eye . 

Length  of  air  flask, joint  line 

to  joint  line . . 

Length  of  afterbody, joint  line 

to  joint  line . 

Length  of  tail.end  to  joint  line.... 

Weight, lbs. 

Explosive  charge . . . 

War  head  empty .without 

attachments . . . . 

War  head, loaded, with  exploder.... 

Exercise  head, empty . 

Exercise  head, ready  for  firing... 
Air  Flask  section . 


26 

26-|  or  26-2 

26-3 

12-1 

12-1 

12-1 

22*42 

22*42 

22*42 

|3'8?55 

1 3 1 5*0 

13*5*0 

I3'8?55 

13*5*0 

13*5*0 

53*99 

53*99 

53*99 

53*99 

53*99 

53*99 

52*890 

52*890 

52*89 

37*32 

37*32 

37*32 

20-35 

16*80 

16*80 

400 

400 

600 

195.9 

195.9 

202.5 

625 

625 

836.0 

312 

312 

625*3 

625*3 

622“ 

622 

622 

*•13 


Mk . | 3- I 


■MM 

Af terbody .complete  with 


gyro  and  tail . . 

190 

477 

477 

Air  charge, total ,62°  F«hr., 
2800# . 

130.4 

130.4 

130.4 

Fuel . 

16.8 

16.8 

16.8 

Water . 

>18.0 

48.0 

48.0 

Oil . 

7.5 

7.5 

7.5 

Ballast, lead  in  war  head...... 

12.0 

12.0 

12.0 

Ballast, lead  in  exercise  head. 

93.6 

93.6 

Ballast, water, in  exedcise  head  319.5 

320.0 

Torpedo, eapty  with  war  head 
and  attachments  and  gyro . 

1746 

1724 

Torpedo, ready  for  war  shot.... 

1949+20 

1927*20 

2127 

Torpedo, empty, with  exercise 
head  full  and  gyro . 

I7H6 

1724 

Torpedo, ready  for  ecercise 
shot . 

1949*20 

1927*20 

Buoyancy, Tr in  and  Stability 
Displacement  (water  I .026 
•p.gr.) . 

Buoyancy .ready  for  war  shot, 

negative.. . . 

Buoyancy, ready  for  exercise 

shot, negative. . . . 

Buoyancy, eapty, with  war  head.. 
Buoyancy, empty, with  exercise 

head  not  blown... . . 

Buoyancy, exercise  head  blown, 
350  lbs. air  pressure.5%  fuel, 

|0t  water, j00t  oil . 

Center  of  buoyancy  to  end  of 

tail . 

Center  of  gravity  from  center 
of  buoyancy: 

a  Ready  for  war  shot, aft... 
b  End  of  war  shot  run, aft., 
c  Ready  for  exercise  run, aft 
d  End  of  exercise  run, head 

not  blown  aft . 

Pull  around  (alniaua) . 

Capacity, cu. ft. air  flask 

charged . 

■  fuel  flask, pints. .. . 

*  water  compartments, 

pints . . 

"  Fuel  spray, seconds 

to  deliver  6  pts... 
water. 35  lbs. pres¬ 
sure.  . . . . . 


1709  lbs.  1703  lbs 


1703  lbs. 


-240 

-224 

-424 

-240 

-224 

-37 

-21 

-37 

•  -21 

+253 

+270 

94.0I*B25 

90.64+25 

3-96 

2.77 

3.19 

1.86 

3-96 

2.77 

3.19 

1.86 

77  ft. lb. 

77  ft. lb. 

9.16 

9.16 

9.16 

20 

20 

20 

46 

46 

46 

115  sec. 

115  sec. 

75  sec 
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Capacity,  water, &pray, 

(same  standard) . . 

Mk.|3 

Hkjfcl 

MlIIzI 

46  sec. 

46  sec. 

20  sec. 

Sprays .type . 

Whirl 

Whirl 

Whirl 

Fuse  and  pistol . . . 

Igniter 

1 gn  1 1 er 

Igniter 

Turbine  clearance, nozzle  and 
rotors . . . 

.060 

.969 

•  060 

Differential  ring.dia . . 

.280 

.280 

•  307 

Nozzles, conical .throat  diameter 

3—^2 1875 

3-721875 

3-7256 

Nozzle  working  pressure, lbs. 
gauge . . 

395 

395 

458 

Nozzle  working  temp. Max. Fahr .. . 

'  1550° 

1500° 

(1450  av. 

Exhaust  temperature  at  exhaust 
valves . . 

.550<> 

550° 

(1500  ««x. 
584° 

Turbine  speed . 

10983 

10983 

13050 

Gear  rat ios, turbines  to  propel¬ 
lers . . . . 

9.566*1 

9.566*1 

9.566*1 

Shaft  H.P. developed  in  tank.... 

93-98 

93-98 

I70i2i 

Forward  propel ler, diameter , 
pitch, L.H . 

16  *“30*0 

I6--30S0 

I6"-3070 

After  propeller  diameter, pitch, 
R.H . 

IH.-38-29F5 

1 4*38-29*5 

14738-2975 

propeller  R.P.H . 

1150 

1150 

Il70i  20 

pressure, air  flask  test,  lbs. 
per  sq.in . 

4000 

4000 

Pressure.air  flask, working . 

2800 

2800 

2800 

pressure.regula for  working  lbs. 
per  sq.in . 

420 

420 

513 

Pressure, nozzle  working  lbs. per 
sq.in . 

395 

395 

458 

Pressure, gyro  and  depth  engines 

420 

420 

pressure.gyro  nozzle, cont inaous 
spin . 

12515 

I25f5 

Range, acceptance  yards.. . 

4500 

6  000 

4000 

Range, serivice  yards . 

4500 

6000 

4000 

Speed, aeeeptance  and  service 
knots . . 

29.8i.5 

33.51.5 

40 

Distance  head  blows  about, yds.. 

5700 

6700 

5088 

Total  distance  of  run,yards.... 

6400 

7000 

NOTE 


The  data  in  above  tables  are  average 
values.  Dimensional  values  vary  by 
tolerances  on  the  drawings.  Torpedo 
weights  and  buoyancy  will  vary  plus 
or  minus  30  lbs.,  capacities,  flow 


rates  of  air,  fuel  mod' water,  pressures 
and  temperatures  will  vary  indiffer¬ 
ent  torpedoes,  but  these  variations 
are  held  within  such  limits  that 
service  and  test  requirements  are 
not  impaired. 


LmBCiUMGEABIIIII 


6*  All  assembled  units  and  mech¬ 
anisms  are  Interchangeable  as  such. 
In  the  Mark  and  Modifications  to 
which  assigned;  and  In  general  all 
detail  part*  are  also  Interchangeable 
except  for  special  assembling  opera¬ 
tions  such  as  lapping  of  pistons, 
doweling,  etc. 


m 


6«  The  register  number  Is  the 
torpedo  Identifying  number.  All 
other  numbers  are  serial  numbers, 
which  ldentl  fy  some  part  or  unit  of 
assembly. 


The  register  number  of  a  tor¬ 
pedo  Is  stamped  In  three  places:  On 
the  air  flask  near  the  forward  Joint 
line;  on  the  afterbody  near  the  for¬ 
ward  Joint  line;  and  on  the  tall. 


ajThe  War  Head  or  the  Exercise 
Head 

b)  The  Air  Flask 
cj The  Afterbody 
djThe  Tall 


BUOYANCY  ( 


RCISE 


CONDITIONS) 


g.  The  three  factors  affecting 
buoyancy  are  the  displacement,  the 
the  fixed  (not  oxpendable)  weight 
of  the  torpado,  and  the  expendable 
weight.  These  factors  are  given  lh 
the  table  of  characteristics  and  are 
as  follows; 

l!:li 

DlifUttNil  (••«  ••Ur 

1*01#  •».»'.) . .  n«.|»0l  Ul. 

n«#4  air. 

•u  rwi.N  »•»«■ 

•  •Ur 

tti«  At M  llm,  iq 
Mialalai 

. .  l»». 

•■4*ti*iu  uiiiii  -  ia>  ii*  i  ii-a 


Serial  numbers  are  assigned  to 
each  of  the  following  units:  the 
Exercise  Head,  the  War  Head, the  Air 
Flask,  the  Afterbody,  the  Gyro  and 
the  Tall.  Component  units  or  mech¬ 
anisms  of  the  above  units  are  also 
given  the  serial  number  of  the  unit 
to  which  they  belong  for  assembly 
and  Identification  as  follow*; Engine, 
Reducer,  Nozzle  unit, Starting  Gear, 
Oil  Pump,  Depth  and  Gyro  Steering 
Engine. 

QHABACIBBISI ICS-QE-CQMSIBDCIIGM 


(Plates  1,2  and  2A) 


7.  These  torpedoes  are  construct¬ 
ed  In  four  major  exterior  sections, 
each  detachable  as  a  unit  from  Its 
adjoining  sections,  viz: 


l!:lJ 


Air . . 

HO- 4 

!•-•  • 

«•-  ' 

l>0-4 

is-o 

130-4 

10- • 

40* 

•  •Itr  •  • 

•  14-7 

■*sti«a  ?«t(fct,ai«r« 

* Is*  ra*. . 

a  a*  m  1  %  |  . 

t  AO  1||  . 

■  •( 1 ■■■  air  y . a  ad 

•f  aiaralaa  raa.... 

Itot 

mi  in. 

1147  • 

+m 

Buoyancy  Is  a  matter  of 
expendable  weight  which  may  be 
modified  by  salt  water  leakage 
Into  the  afterbody.  The  air, 
water  and  fuel  are  expended  In 
direct  proportion  to  length  of 
run.  The  water  ballast  is 
expended  at  end  of  run  serv¬ 
ing  the  function  of  causing 
the  torpedo  to  finish  Its  run 
on  the  surface. 


I  HVld 


MARK  13-2 
GENERAL  OUTLINE 
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MSffilEM.QE  SBCTIONg 
The  War  Head 
The  Exercise  Head 
The  Air  Flask 
The  Water  CcmparUnent 
The  Blow-Out  Plug 
The  Fuel  Flask 
The  Midship  Section 
The  Afterbody 
The  Tail 


CHAPTER  II 


THE  WAR  HEAD 
(Plate  3) 


1.  The  war  head  carries  the  ex¬ 
plosive  charge  and  the  firing  de¬ 
vice;  It  Is  the  prise  function  of  a 
torpedo  to  carry  this  charge  to  and 
explode  It  against  an  eneay  vessel. 

2.  This  war  head  Is  designated 
as  the  Mark  13-  The  shell  Is  Bade 
of  sheet  steel,  slightly  conical  in 
fora  at  Its  after  portion  and  heal- 
spherlcal  In  fora  at  its  forward 
end.  A  steel  Joint  ring  Is  riveted 
and  soldered  to  Its  after  end,  this 
ring  being  tapped  to  reeelvs  the 
Joint  sorews  for  connecting  the 
head  to  the  air  flask.  The  Joint 
ring  Is  also  flanged  to  receive  a 
steel  bulkhead,  dished  In  fora,  which 
Is  bolted  to  It  and  by  aeans  of  a 
rubber  gasket  foras  a  watertight 
closure  for  the  after  end.  A  fit¬ 
ting  for  attaching  an  air  pressure 
testing  line  is  secured  to  the  bulk¬ 
head.  (S*i  Hot t)  At  the  forward  end 
Is  secured  a  bronze  nose  piece.  The 
after  end  of  the  head  Is  reinforced 
with  three  (3)  strengthening  rings. 

■OTIi  This  fllllag  la  «laaaalla*ad  la  aaa  Into 
of  lalar  aaaafaalara. 

3.  The  shell  contains  400  lbs. of 
cast  T.n.T.  wnich  Is  loaded  in  the 
molten  state  with  the  head  nosed 
down  at  an  angle  of  30  degrees,  in 
this  way  when  the  T.N.T.  solidifies 
the  center  of  gravity  of  the  cast 
charge  is  below  the  fore  and  aft 
axis.  A  lead  ballast  weight  (12  lbs) 
is  soldered  on  the  bottoa  center 
line  4"  forward  of  the  Joint  ring 
for  giving  the  torpedo  Its  speci¬ 
fied  stability.  A  casing  extends 
Into  the  bottoa  of  the  forward  por¬ 
tion  of  the  head  for  the  fitting  of 


the  standard  U.S.  N«vy  Exploder 
Mechanlsa,  M*rk4-i  and  Mark  2  booster. 

4.  Above  the  casing  for  the 
exploder  Is  a  pocket  for  the  tetryl 
booster  charge  which  Is  separately 
Installed  and  stowed  separately  from 
the  war  head  until  ready  for  war. 
The  tetryl  booster  In  Its  copper 
cylindrical  container  Is  a  loose 
fit  Inside  the  housing  and  is  held 
lf»  place  by  the  top  of  the  detonator 
safety  chaaber  upon  which  It  rests. 
The  fulalnate  detonator  In  the 
araed  position  Is  aoved  up  Into 
the  booster.  The  action  of  the 
exploder  firing  the  detonator  caused 
the  explosive  charge  to  Ignite. 

5.  The  detailed  description 
of  the  war  head  attachments  lr 
given  in  Ordnance  pamphlet  No.  663- 

g.  The  Joints  of  all  parts  attach- 

tlght  by  soldering.  The  shell 
Is  cadalua  plated  inside  and  out 
to  prevent  corrosion,  the  Inter¬ 
ior  surface  being  painted  with 
aetal  cavity  paint  for  preser¬ 
vation  . 

7.  Por  transportation  and  stowage 
a  oast  Iron  ring  Is  furnished  with 
each  war  head  In  service;  this 
ring  Is  bolted  on  the  Joint  for 
head  to  flask  with  six  Joint  screws, 
the  purpose  being  to  protect  war 
head  Joint  ring. 

■  OTI:  *•  «!•  Mr»*«  Par  tha  aar  haada  Mid 

aiarataa  ha  ad  a  ara  aal  lalar ahaaga ahla  allh 

lha  faraar  havl.g  Id  thraada  la  lha  laafe  .ad 
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Ch«  in  tar  S«  tkriMi  ta  Ik*  laah.  u<  la  ar4ar 
tkat  no  klUirl  .111  ka  a. 4.  ta  aaa  aMapka47 
Jalat  aara.a  far  tka  kaali  vltk  aaaiatiail 
•  lrl»»U|  af  tka  tkraa4a,  a  alat  la  allla4 


aara.a.  it  la  lapartaat  tkat  aal|  aara.a  aa 


flaaka  la  ar4ar  ta  fra.aat  aarlaaa  4aaa«a  ta 
lkraaCa4  Jalat  aira.  kalaa  la  tka  k«ikkaa4 
Jalat  rtag. 


TUB  EXE RC I SB  HEAD 
(Plates  4.5,6, and  7) 

8-  The  exercise  head  used  with 
this  torpedo  is  of  the  air  blowing 
type  and  Is  designated  Mark  26,28.1 
and  26-2.  This  design  Is  fitted  with 
an  air  chamber  at  the  after  end  of 
the  head  and  the  head  Is  considered 
■ore  rugged  In  construction  to  with¬ 
stand  the  high  drop  when  launching 
from  aircraft. 

0*  The  head  shell  Is  of  steel, 
identical  with  that  of  the  warhead. 
The  Joint  ring  for  the  after  bulk¬ 
head  la  a  steel  forging  and  the  six 
(6)  steel  strengthening  rings  fora 
s  structural  barrier  which  greatly 
increases  the  strength  of  the  shell 
to  withstand  crushing  or  denting. 
In  the  Mark  26-2  exercise  head  the 
heaiopherlcal  portion  of  the  forward 
end  Is  reenforced  by  a  basket  shaped 
spider  made  In  two  sec t ions  connect¬ 
ed  together  by  bolts  and  nuts  and 
held  in  place  by  bolting  to  the  for¬ 
ward  strengthening  ring.  The  exer¬ 
cise  heads  are  fitted  with  an  air 
chamber  at  the  after  section  of  the 
head.  This  chaaber  is  an  air-tight 
section  sealed  on  the  after  end  by 
the  exercise  head  bulkhead,  and  on 
the  forward  end  by  a  smaller  bulk¬ 
head  which  is  seated  against  ho.  4 
strengthening  ring,  this  ring  being 
designed  so  as  to  withstand  the 

strain  lndidental  to  pressure  froa 
air  blow  valve.  The  torch  case  and 
torch  case  flange  are  located  or  the 
upper  centerline  in  this  casing. 
Both  of  these  bulkheads  are  made 
watertight  by  being  seated  against 
rubber  gaskets.  The  air  pipe  froa 
the  after  bulkhead  to  the  air  releas¬ 
ing  mechanism  passes  through  the*«r 


chamber  where  It  Is  colled  for  flex¬ 
ibility;  nipples  brazed  on  the  ends 
of  this  pipe  pass  through  holes 
drilled  in  an  air  Inlet  pad  In  the 
after  bulkhead  and  the  reenforced 
strengthening  ring  for  the  forward 
bulkhead,  and  are  locked  against 
their  seats  by  lock  nuts,  copper 
washers  being  Interposed  to  prevent 
the  possibility  of  leakage  In  the 
air  chamber.  The  after  coll  of  this 
pipe  Is  supported  by  a  clamp  secured 
to  the  bulkhead. 

10.  The  possibility  of  air  leakage 
in  the  air  pipe  passing  through  the 
air  chamber  Is  a  condition  which 
must  be  guarded  against  and  la  order 
that  the  operator  may  be  warned  in 
case  there  be  an  air  leak  in  this 
pipe,  the  drain  plug  Is  designed 
with  a  small  relief  valve  Integral 
therewith.  This  relief  valve  opens 
outboard  against  spring  pressure  and 
will  open  to  relieve  any  pressure 
accumulating  lnthealr  chamber,  if 
air  escapes  through  the  relief  valve 
when  opening  the  blow  valve,  the 
pipe  connections  are  leaky,  a  con¬ 
dition  which  must  be  corrected  be¬ 
fore  the  head  can  be  used. 

11.  The  water  ballast  is  carried 
in  the  forward  compartment  of  the 
head.  The  Mark  26  exercise  heads 
have  two  flanges,  the  air  releasing 
mechanism  being  located  in  the  for¬ 
ward  flange  and  connected  to  a  pipe 
colled  for  sufficient  flexibility  to 
permit  withdrawal  and  installation. 
The  inner  end  of  the  air  releasing 
valve  pipe  Is  connected  to  a  nipple 
extending  through  the  reenforced 
bulkhead  strengthening  ring  from  the 
pipe  section  passing  through  the  air 
chamber  Just  forward  of  the  inner 
bulkhead.  Additional  flange  lc  In¬ 
stalled  In  the  forward  portion  of 
the  Mark  26-1  and  23-2  exercise 
head  for  use  with  tor  pedo  head  light, 
in  the  bottom  center  line  of  the 
head  Is  located  one  discharge  valve 
of  sufficient  capacity  to  properly 
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dlscharge  the  water  ballast  from 
the  head.  This  valve,  while  some¬ 
what-  larger,  Is  similar  In  design 
to  discharge  valves  installed  in 
previous  types  of  exercise  heads. 

12.  In  the  Mark  26  and  26-1  exer¬ 
cise  heads  a  drain  plug  is  located 
Just  forward  of  the  water  discharge 
valve  for  draining  the  interior  of 
the  water  chamber  of  the  head.  In 
the  Mark  26-2  exercise  head  this 
drain  is  located  on  the  after  side 
of  the  discharge  valve  and  slightly 
to  the  right  of  the  center  line.  In 
the  Mark  26  and  26-1  exercise  heads 
a  lead  ballast  weight  (90  lbs.)  is 
located  in  the  forward  bottom  end 
of  the  water  chamber  for  stability 
and  one  ballast  weight  Is  located 
on  each  side  for .center  of  gravity. 
The  stability  bailast  weight  of  the 
Mark  26  Mod.  2  exercise  head  Is 
located  between  first  and  second 
strengthening  ring  in  the  bottom. 
The  three  heads  being  ballasted 
with  this  lead  and  water  to  approx¬ 
imate  war  head  weights  and  moments. 

MABI_2-AIB-BBLEASIhJGJlSCflANISM 

13.  The  Mark  2  air  releasing 
valve  (Figure  1  )  Is  contained  In 


FIQ.  ] 


the  central  portion  of  a  circular 
casing  (B)  the  circumference  of 
which  Is  machined  with  an  angular 
seat  (C)  for  seating  In  the  forward 
or  center  torch  case  flange  (A). 
A  leather  gasket  (D)  is  Interposed 
between  these  seats  to  make  the 
Joint  water  and  airtight  (see  note). 
The  upper  central  section  of  this 
casing  is  suitably  machined,  for  the 
insertion  of  the  valve  spring  (E) 
with  spring  support  (F),  and  thread¬ 
ed  for  the  adjusting  nut  (G)  and  Its 
lock  screw  (H) .  The  lower  end  of 
the  casing  Is  drilled  and  tapped  to 
receive  the  valve  guide  (I)  which  is 
screwed  and  sweated  to  the  casing. 
A  hole  is  drilled  through  the  center 
of  the  valve  guide  and  is  suitably 
machined  for  valve  seat  (JJ  and 
guide  (K)  for  the  valve  stem.  Two 
radial  escape  ports  (L)  are  drilled 
above  the  valve  seat  for  passage  of 
air  Into  the  head.  The  lower  end 
of  valve  guide  Is  threaded  for  the 
Insertion  of  the  air  Inlet  and  re¬ 
striction  nipple  (M)  to  which  the 
air  delivery  pipe  Is  attached.  The 
air  releasing  valve  (N )  Is  machined 
on  tho  lower  end  of  the  valve  stem. 
The  diameter  of  this  stem  Is  reduced 
between  tho  valve  and  guide  to  give 
clearance  for  the  passage  of  air 
Into  the  escape  ports,  the  diameter 
of  the  upper  end  being  reduced  to 
form  a  shoulder  for  the  spring  sup¬ 
port.  A  threaded  portion  (0)  of  the 
upper  end  of  the  stem  permits  the 
attachment  of  a  cocking  tool.  The 
valve  spring  (E)  is  inserted  between 
the  spring  support  (F) ,  attached  to 
the  valve  stem  above  Its  guide,  and 
the  spring  seat  in  the  adjusting  nut 
(G) .  Compression  is  regulated  by  the 
turning  of  this  nut.  An  adjusting 
cap  (P),  screwed  up  against  a  washer 
(Q)  on  the  upper  end  of  adjusting 
nut,  protects  the  valve  stem  from 
accidental  handling:  a  venting  hole 
hole  ( R)  is  drilled  through  this  cap 
to  prevent  banking  up  of  any  air 
that  may  leak  by  the  valve  stem. 
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KOTE:  Du*  to  dir'lciltifi  aiporiancad  by  tb* 
a*r*lc*  to  koop  tb*  (oakota  l>  propor  •Uga- 
■  ant  on  lb*  b*»*l*d  aoata  of  Iba  air  ralaaalng 
aacbanlaa,  tho  air  r>lraili|  aachanlaa  caalag 
baa  bean  aodlflad  by  tha  laatallatloa  of  a 
cantaring  ring,  tba  canca.a  Innar  aarfaca  of 
■hlch  fits  tho  contour  of  tbo  caalng  to  ablcb 
It  la  aaaalod  In  placa  Juat  undor  Ita  bovalad 
a  a  at .  Tba  uppar  oatar  e Ireuafaranca  of  tbla 


tha  aaaa  baval  a*  tba  gaakat  aaat  and  allgbtly 
■  Ida  r  than  tho  tbirknaaa  of  tb*  gaakat.  thaa 
foraing  a  groo>a  Into  ahleh  tbo  gaakat  la 
fit  lad  and  bald  In  allgnaant.  lharaby  provant- 
ing  aaaa  froa  bolng  agaoarad  off  tbo  boaalad 
aaat  aban  tho  aacbanlaa  la  laaartod  and  claap- 
•d  In  placo.  Tb*  outaldo  dlaaotor  of  tb* 
cantorlng  ring  la  aachtnad  coaeaatrlc  oltb 
tb*  top  f  aca  .of  tha  r  aa  I  ag .  and  bold  to  a 
dliona Ion  ahleh  *111  juat  poralt  tbo  laatalla. 
tlon  of  tba  aoebanlaa  through  Ita  flanga  la 
tha  haad.  and  thua  act  aa ^a  aklrt  and  proaaat 

aaat. 

MARO-AlB_RELEASIi»G_JiECHAEISM 

14.  The  Mark  3  self  cocking  air 
releasing  valve  (Figure  2)  Incor¬ 
porated  for  present  and  future  use 


Is  contained  In  a  lrcular  casing 
(A)  with  anguii'r  seat  (B)  .  The 
upper  central  portion  of  this  cas¬ 
ing  is  machined  for  the  Insertion 
of  the  air  releasing  spring  ( C ) 
and  spring  support  (D)  and  threaded 
for  the  adjusting  nut  (E)  and  Its 
locking  screw  (P).  The  lower  end 
of  the  casing  Is  drilled  and  tapped 
to  receive  the  valve  guide  (G) 
which  Is  screwed  and  sweated  to  the 
casing.  A  hole  Is  drilled  through 
the  center  of  the  valve  guide  and 
Is  suitably  machined  for  pistons 
(H»,  valve  (I),  and  guide  for  the 
valve  stem  (J).  Two  radial  escape 
ports  (K)  are  drilled  above  the 
valve  seat  (L)  for  passage  of  air 
Into  the  head.  A  suitable  restric¬ 
tion  (M)  and  passages  (N)  are  drill¬ 
ed  to  allow  the  air  to  pass  from 
the  space  (0)  below  the  lower 
piston  and  from  there  to  the  annu¬ 
lar  groove  (Q)  between  the  upper 
piston  and  valve.  The  lower  end  of 
the  valve  guide  Is  drilled  and  tap¬ 
ped  to  receive  the  strainer  holder 
( R)  which  is  screwed  Into 
the  valve  guide.  A  hole  (S)  Is 
drilled  through  the  strainer  holder 
to  the  space  below  the  lower  cock¬ 
ing  piston.  The  shoulder  on  the 
strainer  (T)  Is  held  against  a 
machined  seat  In  the  strainer  hold¬ 
er  by  a  washer  '*T1  *nd  n  restric¬ 
tion  nij,i-  lYi  to  which  *he  air 
delivery  pipe  Is  attached.  The 
diameter  of  the  valve  stem  Is  re¬ 
duced  between  the  valve  and  guide 
to  give  clearance  for  the  pas*''"'* 
of  air  Into  the  escape  ports.  The 
upper  end  of  the  stem  is  reduced 
to  form  a  shoulder  for  the  spring 
support.  The  valve  spring  is  In¬ 
serted  between  the  spring  support, 
attached  to  the  valve  stem  above 
its  guide,  and  the  spring  seat.  In 
the  adjusting  nut.  Compression  Is 
regulated  by  turning  this  nut.  An 
adjusting  nut  cap  ( W )  with  a  vent 
hole  to  prevent  banking  up  of  nir 
protects  the  valve  stem  from  acci¬ 
dental  handling. 


MK3  AIR  RELEASE 
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15.  Both  air  releasing  mechanisms 
are  adjustable  for  blowing  pressures 
of  600  lbs.  to  400  lbs.  and  operate 
when  the  falling  air  flask  pressure 
reaches  the  pressure  for  which  they 
are  set.  The  head  then  blows  and 
expels  Its  water  ballast,  the  tor¬ 
pedo  comes  to  the  surface  and  fin¬ 
ishes  its  run,  usually  <*i  a  dev  iating 
or  circular  course.  As  there  Is  no 
distance  gear  cut  off  In  these  tor¬ 
pedoes,  the  air  will  be  completely 
exhausted  from  the  air  flask  at  the 
end  of  each  run. 

KAIBB-DISCHAEGE-YAIIB 

16.  The  water  discharge  valve 
(Figure  3)  Is  located  In  the  valve 


WATER  DISCHARGE  VIAIVE  F»6  3 

body  on  the  bottom  side  at  the  after 
end  of  the  head,  symmetrical  with 
the  bottom  centerline.  Ther«*  Is  a 
flat  surfaced  valve  with  a  leather 
ring  seat  clamped  on  the  valve  by 
a  nut  to  make  a  tight  Joint  when  the 
valve  is  closed.  The  valve  opens 
outwardly  against  a  phosphor  bronze 
thrust  spring  which  extends  into  the 
hollow  valve  guide  stem  and  whose 
thrust  Is  taken  by  a  spring  plate 
fastened  on  the  outside.  Suitable 
ports  In  the  valve  body  or  frame  are 
provided  for  the  free  exit  of  water 
when  th**  valve  is  open.  The  parts 
are  all  of  bronze  and  are  non- 
corros lve . 

IGEIEDQ.HEADLIGHI 

17.  The  torpedo  headlight  Is  de¬ 


signed  for  use  In  night  torpedo 
practices  and  Is  carried  In  a  sealed 
container  In  the  forward  torch  case 
flange  of  the  exercise  head. 

(Plates  8,  9) 

18.  The  torpedo  headlight  consists 
of  a  cylindrical  brass  case  9-1/4" 
long  and  3-1/2"  In  diameter,  con¬ 
taining  the  light  socket  with  light, 
reflector,  lens,  switch  and  switch 
operating  mechanism  In  the  upper 
section  and  8  flashlight  dry  cells 
In  the  lower  section.  The  weight 
of  the  headlight  assembled  complete 
Is  8  lbs. 

19.  The  upper  section  (headlight 
body)  Is  suitably  machined  to  fit 
the  torch  case  flange  In  the  exer¬ 
cise  head.  The  outer  end  of  t^la 
body  Is  closed  by  a  1/4*  plate  glaas 
lens  (headlight  lent)  made  water¬ 
tight  by  2  rubber  gaskets  and  secur¬ 
ed  to  the  body  by  a  retainer  ring. 
A  highly  polished  reflector  secured 
by  3  holding  cllpe  directly  under 
the  lens  reflects  the  light  upward 
through  the  water.  An  elongated 
slot  is  machined  near  the  lower  end 
of  the  headlight  body  for  access 
to  manual  operation  of  the  headlight 
switch. 

20.  The  lower  end  of  the  headlight 
body  Is  closed  by  a  brass  base  plate 
on  which  Is  assembled  the  light  soc¬ 
ket  base,  switch  and  switch  operat¬ 
ing  mechanism.  The  light  socket 
base  is  secured  In  the  center  of 
this  base  plate  against  a  fibre 
Insulating  bushings. 

21.  The  switch  Is  composed  of  a 
contact  extending  from  the  central 
terminal  of  the  light  socket  base 
and  a  similar  insulated  contact 
secured  to  the  free  end  of  a  lever 
(sxitch  lever)  pivoted  on  the  base 
plate.  A  tension  spring  between 
this  lever  and  a  poppet  on  the 
base  plate  tends  to  keep  the  switch 
coniacts  closed. 
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22.  The  switch  Is  operated  by  a 
brass  Inertia  weight,  one  end  of 
which  is  pivoted  on  the  base  plate. 
The  free  end  in  contact  with  the 
free  end  of  the  switch  lever  keeps 
the  switch  open  until  actuated  by 
the  inertia  of  the  torpedo  upon 
launching,  at  which  time  the  weight 
is  swung  clear  of  the  switch  lever 
and  the  spring  closes  the  switch, 
thereby  lighting  the  headlight.  A 
tension  spring  connected  between 
the  inertia  weight  and  a  poppet  on 
the  base  plate  tends  to  keep  the 
inertia  weight  in  contact  with 
switch  lever. 

22.  The  lower  section  La  supported 
from  the  base  plate  by  a  central  rod 
to  which  Is  attached  a  bottom  plate, 
four  brass  conduit  pipes  are  equally 
dispose!  near  the  outer  circumfer¬ 
ences  between  the  base  plate  and  the 
bottom  plate.  These  pipes  are  locat¬ 
ed  by  small  buttons  riveted  to  the 
base  plate  and  bottom  plate.  Holes 
are  drilled  near  the  top  and  bottom 
of  the  pipes  through  which  the 
battery  connecting  wires  are  con¬ 
ducted. 

24.  The  batteries  are  of  the  com¬ 
mercial  flashlight  types  Navy  Depart¬ 
ment  Specification  17B7e  Type  C 
mounted  in  pairs  (see  note) in  spaces 
between  the  conduit  pipes.  The 
positive  terminals  are  placed  upward 
against  insulated  spring  battery 
contacts  pivoted  in  forked  bearings 
attached  to  the  upper  insulating 
disc  and  the  battery  casings  (nega¬ 
tives)  are  contacting  with  the  insu¬ 
lated  bottom  battery  contacts  attach¬ 
ed  to  the  lower  insulating  disc. 
Insulating  washers  are  interposed 
between  the  upper  insulating  disc 
and  the  base  plate  and  the  lower 
Insulating  disc  and  bottom  head  to 
Insulate  rivet  heads  and  springs 
against  contacting  these  parts. 


Hires  are  lead  from  the  bottom  bat¬ 
tery  contacts  through  the  conduit 
pipes  to  the  battery  spring  contacts, 
switch  and  lamp  socket  terminals. 
Plate  9  gives  the  wiring  diagram 
of  the  'torpedo  Headlight. 

*OTE:  nukllfkl  k*U*rlH  tuucd  In  aata 
•  f  J  cal  1  a .  It  aill  ba  nacaaaary  to  raaova  ona 
call  f r  aa  aaeh  aat  baforo  I na t a  1 1  a 1 1 o n  In 
kw  •Slight. 

25.  The  headlight  assembly  com¬ 
plete,  including  batteries,  is 
enclosed  in  a  brass  casing, the  upper 
end  of  which  Is  threaded  to  fit  sim¬ 
ilar  threads  on  the  headlight  body. 
The  Joint  between  the  body  and  cas¬ 
ing  is  made  watertight  with  a 
leather  gasket. 

26.  Special  covers  with  the  cen¬ 
tral  hole  enlarged  to  uncover  the 
lens  are  furnished  for  securing  the 
headlight  in  torch  case  flanges 
being  fitted  with  studs  and  nuts 
and  using  covers  Instead  of  follower 
nuts. 

27.  Miniature  Mazda  Lamps  .3  Amp., 
9.9  Volts,  similar  to  (4-1/2)  bulb 
of  Kestlnghouse  Manufacture  are  used 
in  the  Torpedo  Headlight.  These 
bulbs  are  furnished  with  the  head¬ 
light  when  Issued.  Spare  bulbs  are 
Issued  to  tenders. 

28.  Water-tightness  is  very  neces¬ 
sary.  The  points  for  leakage  are: 

(a)  Through  seat  of  headlight 
lens. 

(b)  Through  seat  of  headlight 
casing. 

29.  It  is  important  that  the  two 
rubber  gaskets  for  the  headlight 
lens  are  in  good  condition  and  that 
the  screws  for  the  lens  retainer 
ring  are  set  up  even  and  tight. 
Also  that  the  headlight  casing  is 
set  up  tight  against  its  leather 
gasket  before  Installation  in  exer¬ 
cise  head. 
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30.  Attention  is  pirticul-rli 
Invited  to  the  re"' Ireinenis  that.  h»i 
dir  blowing  heed  must  be  absolutely 
airtight  in  order  that  sufficient 
pressure  may  be  built  up  in  the  heed 
when  the  air  releasing  mechanism 
functions,  thereby  expelling  the 
water  ballast.  To  this  end,  every 
care  should  be  exercised  that  lock 
ing  rings  of  the  torch  pot  casing 
and  other  fittings  in  the  torch  pot 
rings  be  set  up  tight..  Exercise 
heads  shall  be  tested  for  15  lbs 
interior  pressure  for  a  period  of 
15  minutes  subsequent  to  overhaul 
without  showing  any  damage  or  leaks. 

31.  When  first  admitting  air  to 
the  Mark  2  air  releasing  mechanism 
(by  opening  the  blox  valve  on  the 
forward  end  of  the  a ir  flash)  this 
valve  must  bo  held  to  Its  seat  by 
a  special  tool  (4*11)  which  screws 
Into  the  end  of  the  valve  stem  The 
valve  will  generally  be  seated  by 
this  force  but  if  not,  a  seat  can  be 
found  by  turning  the  tool  and  wiping 
the  valve  on  its  seat;  It  Is  seldom 
necessary  to  grind  a  s<-at  The  use 
of  this  tool  will  not  be  neooss  *r  y 
with  a  Mark  a  mechanism  which  is 
self  rocked. 
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(Plates  10,11,12  and  13) 

32.  The  air  flask,  or  main  body  of 
the  torpedo,  is  a  cupped  and  drawn 
alloy  steel  forging,  cylindrical  in 
shape,  the  outside  diameter  tapering 
slightly  at  its  closed  end  and 
divided  into  two  compartments,  the 
forward  being  the  air  flask  proper 
and  also  containing  the  Tuel  flask 
To  the  after  end  is  riveted  and 
soldered  the  midship  section  '*hicb 
thus  becomes  *  par'  of  the  ai  flask 
unit. 

AIR.COMPARTh-SNT 

33.  The  air  flask  proper,  or  air 


compartment,  is  enclosed  at  both 
ends  with  dome  shaped  heads  the 
after  one  of  which  is  integral  with 
the  air  flask.  The  forward  head  is 
removable  and  seats  against  a  ground 
surface  on  a  shoulder  machined  on 
the  inside  of  the  forward  end  of 
the  air  flask  This  head  Is  flat¬ 
tened  at  the  ends  of  its  horizontal 
diameter  and  two  step  slots  are  cut 
in  the  shoulder  of  the  flask,  whic  h 
allow  the  reduced  diameter  of  the 
head  to  pass  through  in  the  horizon¬ 
tal  plane.  The  head  is  held  in  place 
on  its  sept  with  ten  (10)  steel 
screws.  Pressure  in  tho  air  flask 
tends  more  firmly  to  seat  this  head. 
Two  shallow  holes  are  tapped  and 
threaded  on  a  reenforced  portion 
of  the  outer  face  of  the  head  for 
the  insertion  of  screw  eyes  for 
lifting  and  general  manipulation.  A 
hole  is  drilled  through  the  center 
of  the  after  head  through  which 
passes  tho  main  air  nipple,  this 
nipple  is  drawn  by  a  hexagonal  nut 
-gainst  a  ground  seal  on  the  inner 
side  of  tho  head.  To  this  nipple  Is 
screwed  and  swMaied  the  main  air 
pipe  and  dry  pipe, the  latter  extend¬ 
ing  inside  the  ».  I  r  flask  The  dry 
pipe  is  for  the  purpose  of  prevent¬ 
ing  water  or  oil  from  running  into 
the  main  air  pipe  when  the  torpedo 
is  floating  vertically  at  the  end  of 
the  run;  the  main  air  pipe  is  for 
the  purpose  of  conveying  air  from 
the  air  flask  to  the  reducing  valve 
and  superheating  system  via  the 
charging  and  stop  valve 

■m  A  It.  e.ljn  i  aaldad  air  flssh  shown 
“MU.  II  is  now  in  pro  osw  of  asnu'stlura 
• upp I • s*n • sr,  instru  lions  will  ba 
^i.d  .nan  <  splola  inforastion  bacosaa  stall- 
ah  la 
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34  The  water  compartment  located 
’•baft  the  air  compartment  is  closed 
at  its  after  end  by  a  dome  shaped 
head  (water  compartment  head)  which 
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ls  held  against  a  ground  seat  on  a 
shoulder  at  the  extreme  end  of  the 
air  flask  section.  in  addition  to 
sealing  this  coapartaent,  the  head 
sustains  the  fuel  flask  by  three 
brackets  attached  to  Its  inner  sur¬ 
face,  and  provides  an  avenue  for 
the  main  air  line  through  a  central 
opening  which  is  made  tight  by  the 
use  of  a  copper  washer  and  a  hexag¬ 
onal  nut.  Air  froa  the  fuel-air 
check  to  the  fuel  flask  and  fuel 
froa  the  fuel  flask  to  the  delivery 
check  are  brought  through  roe n forced 
portion  of  the  head  by  seans  of 
nipples  aade  pressure  tight  by  sold¬ 
ering.  Air  to  the  water  eos^artaent 
is  delivered  through  a  nipple  which 
replaces  one  of  the  holding  screws; 
water  froa  the  water  coapartaent  to 
the  delivery  check  passes  through  a 
pipe  extending  froa  the  bottoa  of 
the  water  coapartaent  through  a 
nipple  arranged  slallar  to  that  of 
the  air  nipple  for  water. 

36.  An  opening  In  the  top  of  the 
water  coapartaent  provides  the  fill¬ 
ing  hole  for  the  water  and  access 
to  the  filling  plug  for  the  fuel 
flask. 

36*  The  coaplete  Inside  of  the 
air  flask  and  water  coapartaent* 
both  sides  of  the  heads  and  all  the 
contents  of  the  water  coapartaent 
are  electroplated  with  cadalua  for 
propectlon  against  corrosion.  The 
outer  surface  of  the  forward  and 
water  coapartaent  heads  (afttr 
atstmbly  with  m pplesj.  are  painted 
with  one  coat  of  Iron  oxide  prla- 
er  and  one  coat  of  navy  gray  paint. 

37.  The  test  pressure  for  the 
water  coapartaent  Is  800  lbs.  per 
square  Inch. 

38-  That  portion  of  the  aaln  air 
pipe  within  the  water  coapartaent 
has  a  spirally  wound  coll  fchlch  pro¬ 
vides  sufficient  longitudinal  flexi¬ 
bility  to  take  up  the  varying  expans  ion 


of  the  heads.  Each  end  of  this 
section  of  the  aaln  air  pipe  Is 
screwed  and  soldered  to  a  suitable 
fitting  which  Is  securely  fastened 
by  aeans  of  claap  nut,  one  to  the 
after  flask  head  and  one  to  the 
water  coapartaent  head. 

BLOM-QDI_rinG 

30.  To  guard  against  destructive 
pressures  being  built  up  In  the 
water  coapartaent,  due  to  the 
absolute  failure  of  the  reduolng 
valve  or  a  rupture  In  the  aaln  air 
line  passing  through  the  water  coa- 
partaent,  a  blow-out  plug  Is  provid¬ 
ed.  The  body  consists  of  a  brass 
nipple  secured  by  means  of  a  nut  and 
by  being  soldered  to  the  water  con- 
partaent  bulkhead.  it  provides  a 
7-8*  diameter  opening  In  the  bulk¬ 
head.  it  carries  the  blow-out  plug 
which  consists  of  a  copper  disc  *01 
thick  clamped  between  the  plug  nut 
and  the  plug  screw,  both  of  cylin¬ 
drical  fora.  The  diameter  of  the 
cylindrical  portion  Is  f0l5  less 
than  the  diameter  of  the  hole  In 
the  fitting  and  Is  of  sufficient 
length  ia  that  should  the  plug  be 
blown,  the  psrts  cannot  cant  and 
bind  In  the  fitting,  in  effect  the 
blow-out  plug  when  assembled  cons  Lets 
of  a  brass  cylinder  carrying  a  pro¬ 
jecting  copper  flange  roi  tnick. 
This  ia  secured  to  the  nipple  in 
the  bulkhead  by  aeans  of  a  nut  which 
securely  claaps  the  copper  flange 
to  the  face  of  the  nipple.  The 
whole  arrangeaent  Is  such  that  the 
stresses  on  the  copper  flange  are 
those  of  shear  only.  its  strength 
Is  such  that  It  will  shear  off  at 
a  pressure  of  about  1200  lbs.  per 
sq. In dn  the  water  coapartaent .  Should 
this  pressure  be  attained  the  flange 
will  shear  and  the  plug  will  be 
blown  out  Into  the  aldshlp  com¬ 
partment,  and  thus  a  7-8"  clear 
opening  will  be  provided  for  vent¬ 
ing  the  pressure  In  the  water  com- 
partaent.  As  the  ordinary  running 
pressure  is  less  than  500  lbs.  per 
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sq.  In.,  there  Is  sufficient  margin 
of  safety  so  that  the  shear  flange 
will  not  be  unduly  strained  by  suc¬ 
cessive  application  of  the  working 
pressure . 

40-  Its  clear  opening  is  such  that 
It  will  pass  water  at  a  sufficient 
rate  to  prevent  a  rise  of  pressure 
in  the  water  compartment  in  excess 
of  1500  lbs.,  even  though  the  aaln 
air  pipe  should  rupture.  The  con¬ 
struction  of  the  blow-out  plug  makes 
the  sheer  disc  easily  replaceable,  it 
is  Important  that  copper  sheet  of 
uniform  quality  be  used  for  these 
discs,  and  therefore  only  those  fur¬ 
nished  from  the  Torpedo  8tatlon 
should  be  used.  It  should  never  be 
the  practice  to  make  a  disc  from  a 
sheet  of  copper  selected  at  random. 

FQBLEUSI 

41.  The  fuel  flask  is  designed  in 
the  form  of  a  "Torus »  in  order  to 
permit  its  assembly  in  the  limited 
space  available  in  the  water  com¬ 
partment;  the  flask  is  formed  of 
brazing  brass  and  tested  to  50  poinds 
per  sq.  in.  Internal  pressure  after 
complete  assembly  with  fittings. 

42.  The  filling  flange  on  the  fael 
flask  is  located  directly  under  the 
water  filling  flange,  thus  giving 
access  through  the  water  filling 
hole  for  manipulation  of  the  fuel 
filling  plug.  The  upper  edge  of  the 
hole  in  the  fuel  filling  flange  is 
located  about  "80  below  the  top  of 
the  fuel  flask  so  that  it  cannot  be 
completely  filled  with  fuel.  The 
air  space  thus  provided,  together 
with  a  similar  air  space  in  the 
water  compartment,  provides  a  margin 
of  variation  in  the  time  for  build¬ 
ing  up  of  pressure  in  the  waterc«- 
partment  and  the  fuel  flask  when  the 
towpedo  is  started,  and  tends  to 
prevent  a  momentary  unbalance  of 


pressure  on  the  fuel  flask  In  excess 
of  its  strength. 

43.  The  air  Inlet  and  fuel  outlet 
connections  are  located  on  the  inner 
surface  of  the  flask  at  an  angle, 
which  Is  most  convenient  for  making 
the  pipe  connections.  A  short  sec¬ 
tion  of  tubing  is  brazed  on  the 
inside  of  the  air  inlet  connections 
extending  through  the  fuel  flask  to 
within  3/18  of  the  top  of  the  fuel 
flask.  A  similar  pipe  is  attached 
to  the  fuel  outlet  connection,  ex¬ 
tending  to  near  the  bottom  of  fuel 
flask,  for  withdrawal  of  fuel  from 
the  flask.  The  air  inlet  and  the 
fuel  outlet  nipples  are  connected 
by  pipes  to  their  respective  nl pples 
on  the  Interior  of  water  compartment 
head. 

bIDSiJl£_SBCUCW 

44.  This  section,  which  is  irlVeted 
to  and  so  becomes  a  permanent  part 
of  the  air  flask,  is  a  forged  steel 
cylinder  appropriately  machined  for 
attaching  to  the  air  flask,  the 
after  end  being  machined  to  form 
a  Joint  with  the  afterbody.  The 
nature  of  the  parts  found  in  the 
midship  section  does  not  require 
the  exclusion  of  water  from  their 
exterior  surfaces.  Further, certein 
parts  conveying  hot  geses  must  be 
externally  cooled  in  order  that 
they  may  not  be  injured  by  the 
interior  temperature,  and  access 
to  certain  other  parts  must  be  pro¬ 
vided  for  adjustment  or  mam lpulatlon. 
Therefore,  provision  is  made  for 
free  circulation  of  sea  water  in 
this  section  and  for  access  by  mak¬ 
ing  openings  in  the  shell.  The  shell 
is  suitably  marked  adjacent  each 
opening.  Indicating  access  to  the 
following  parts: 

Main  air  connection 
Air  charging  valve 
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Main  stop  valve 

Oil  to  reducer 

Reducing  valve 

Strainers  -  fuel  -  water 

Fuel  and  water  check  valves 

Air  to  fuel  and  water 

Air  check  valve  -  fuel  -  water 

Igniter  and  Water  trip  valve 

A  stop  bolt  hole  is  drilled  through 
the  top  center  near  the  Joint  for 
afterbody  into  which  the  stop  bolt 
on  the  plane  fuselage  is  inserted. 

45.  The  parts  enclosed  in  this 
section  and  attached  to  the  turbine 
bulkhead  are  known  as  the  valve 
group  and  superheater. 

46.  Attached  to  the  shell  of  this 
section  aro  the  charging  and  stop 
valve  body  and  fuel  and  water  check 
valve  and  strainer  body.  Held  in 
place  by  screws,  they  are  readily 
removed  in  case  it  is  necessary. 

lUE-AElERBQDX 

Plates  14/ 15  16  and  it) 

47.  The  afterbody  shell  is  made  of 
9072  thick  sheet  steel  in  the  form 
of  a  truncated  cone,  the  sides  of 
which  are  slightly  paraboloidal. 
The  interior  of  the  shell  is  rein¬ 
forced  by  six  strengthening  rings, 
three  strengthening  angles  and 
three  strengthening  tees  which  are 
riveted  and  soldered  at  points  along 
its  interior. 

48.  To  its  forward  end  is  riveted 
and  soldered  the  engine  cage,  a  ring 
of  forged  steel,  which,  in  addition 
to  reinforcing  the  end,  forms  a 
means  for  centering  and  attaching 
to  the  air  flask,  and  a  seat  for  the 
°ngine  bulkhead.  The  seat  for  the 
Joint  between  air  flask  and  after¬ 
body  is  slightly  taper  in  form  to 
facilitate  assembly.  Insure  a  tight 
fit  and  proper  alignment.  The  Joint 
is  made  by  36  -  3/8”  steel  Joint 
screws.  (See  note  under  Warhead  on 
Page  $  ) 


49.  The  engine  bulkhead  is  secured 
to  the  engine  cage  by  studs  and  nuts, 
a  gasket  being  interposed  to  obtain 
a  watertight  Joint. 

50.  The  after  end  of  the  after¬ 
body  shell  is  closed  by  the  after 
bulkhead,  a  bronze  casting,  which 
is  held  to  the  shell  by  screws  and 
by  soldering,  making  the  after  end 
watertight  when  all  parts  are  assem¬ 
bled.  This  bulkhead  provides  an 
after  bearing  for  the  propeller 
shafts  and  seats  for  the  exhaust 
valves.  Both  rudder  connections 
pass  through  it,  stuffing  boxes 
being  provided  to  insure  water- 
tightness.  The  propeller  shaft 
bearing  is  water  cooled  during  a 
run,  an  annular  cavity  being  provid¬ 
ed  connected  by  pipes  to  small 
scoops  on  the  exterior  of  the  shell, 
the  upper  scoop  pointing  forward  and 
the  lower  scoop  pointing  aft.  Thus 
a  forced  circulation  of  water  results 
from  the  motion  of  the  torpedo 
( see  note).  Guides  are  sweated  to 
the  after  end  of  the  shell  on  the 
vertical  and  horizontal  centerline 
into  which  the  horizontal  and  verti¬ 
cal  tail  vanes  are  fitted  when  tall 
is  assembled  on  the  afterbody. 

HOT!  •••ling  of  propolior  Mirl«|  will 
bo  d l icont I nuod  oflor  Mark  13  torpodo  "o. 134*3 
0a  Ido  a  will  bo  discontinued  aftor  torpids 
■o.  liana  and  a  apldor  substituted  to  brae* 


51.  The  exhaust  valves,  two  in 
number,  are  of  monel  metal  with 
beveled  seats,  lapped  to  corre¬ 
sponding  seats  at  the  exhau3t  open¬ 
ings  in  the  bulkhead.  They  are 
described  in  detail  in  connection 
with  the  exhaust  system. 

52.  Permanently  riveted  and  sweat¬ 
ed  to  the  interior  of  the  afterbody 
shell  are  receptacle  frames  for  the 
various  mechanisms  and  access  opening 
covers;  fittings  and  attachments  for 
air  strainer,  setting  devices  and 
drain  plug.  The  engine  oil  tank  is 
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located  in  the  bottom  of  the  after¬ 
body  directly  in  back  of  the  gyro 
mechanism.  This  tank  is  connected 
to  a  filling  flange  located  on  the 
top  in  rear  of  starting  gear.  In 
the  forward  upper  part  is  the  tur¬ 
bine  chamber,  consisting  of  sheet 
steel  horizontal  and  vertical  bulk¬ 
heads.  Running  from  the  vertical 
bulkhead  to  the  after  bulkhead  are 
two  exhaust  tubes,  the  forward  ends 
of  which  are  held  in  place  by  ex¬ 
haust  tube  thimbles,  the  after  ends 
being  rolled  into  expansion  grooves 
in  their  seats  in  the  after  bulk¬ 
head.  The  entire  afterbody  and  its 
closures  are  made  as  nearly  water¬ 
tight  as  possible  and  then  fully 
assembled,  roust  stand  an  external 
hydrostatic  pressure  of  50  lbs. per 
sq.ln.  for  30  minutes  with  no  leak¬ 
age  in  excess  of  4  or.  of  water,  and 
must  be  capable  of  withstanding  a  75 
ft.  drop  with  a  plane  speed  of 
approximately  125  knots  without 
showing  any  undue  strain  or  sustain¬ 
ing  any  damage. 

53.  The  afterbody  is  a  container 
for  the  propelling  and  controlling 
mechanisms  of  the  torpedo,  each  unit 
of  which  is  described  under  its  own 
heading. 

2BB.X&IL 

(Mark  13  torpedo) 

(Plate  18) 

54.  The  tall  used  on  Mark  13  tor¬ 
pedoes  is  a  departure  from  previous 
designs  in  that  the  rudders  are 
placed  abaft  the  propellers.  This 
design  is  Intended  to  eliminate 
initial  broach  upon  launching.  This 
tail  is  of  necessity  much  more 
rugged  in  construction  in  order  to 
withstand  shocks  incidental  to 
launching  from  aircraft. 

55.  The  tall  cone  is  a  hollow  drop 
forging  of  alloy  steel  §2  formed  in 


the  shape  of  a  frustum  of  a  cone. 
Four  slotted  projections  are  extend¬ 
ed  from  its  outer  surface  at  right 
angles  from  each  other  into  which 
the  tail  vanes  are  fitted  and  rivet¬ 
ed.  These  vanes  extend  forward 
beyond  the  tail  into  the  horizontal 
and  vertical  guides  soldered  to  the 
afterbody  (see  note).  Rails  are 
secured  by  screws  to  the  outer  edges 
of  the  blades;  they  extend  aft  and 
form  the  outer  support  for  the 
rudders,  and  In  turn  receive  support 
from  four  vertical  and  horizontal 
arms  and  a  rudder  support  body  to 
which  the  inner  ends  of  the  arras 
are  riveted.  This  rudder  support 
body  contains  the  inner  rudder  sup¬ 
ports  and  fits  loosely  over  the 
after  end  of  the  after  propeller 
nut. 

■OTti  On  1 4  •  •  min  b.  diicontlruad  .fl.r 
t*r>«4«  nuabar  13442.  and  •  apldtr  •ut«tltul«d 

Inti  ih«  roraard  and*  of  tha  (all  vanaa. 

56.  The  forward  end  of  the  tail 
core  is  flanged  internally  to  permit 
angular  holes  for  the  Joint  screws 
by  which  the  tail  is  held  to  the 
afterbody.  A  shoulder  in  the  after 
end  contains  tapped  holes  for  the 
screws  by  which  a  bronze  bearing  for 
the  forward  (outer)  propeller  sleeve 
is  held  in  place.  A  two  step  reen¬ 
forcing  band  extends  from  the  inside 
of  the  tall  cone  forging  at  the 
point  of  assembly  of  horizontal 
inner  bearing. 

57.  The  surface  of  he  cone  has 
five  (5)  openings  in  addition  to 
those  for  the  horizontal  and  verti¬ 
cal  inner  bearings,  one  at  the  top 
left  side  which  is  tapped  for  a 
grease  plug  and  four  at  the  bottom 
for  connecting  and  adjusting  the 
rudder  rods,  these  latter  being 
used  also  as  drain  holes.  Flanges 
are  screwed  and  soldered  to  the 
interior  of  the  shell  at  these  open¬ 
ings  and  provide,  by  being  tapped, 
a  means  of  closing  the  same  with 
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plugs  p.nd  copper  washers,  when  not 
In  use  p.s  access  openings. 

58.  The  vertical  and  horizontal 
rudder  yokes  ere  located  in  the  tail 
cone  attaching  to  the  rudder  rods  in 
n  manner  similar  to  torpedoes  of 
previous  type,  the  yokes  being 
attached  to  the  inner  ends  of  the 
vertical  and  horizontal  rudder  posts. 
The  outer  ends  of  these  posts  are 
supported  in  bearings  in  the  verti¬ 
cal  and  horizont«l  rudder  rails. 
Short  cross  levers  (lever  arns)  are 
attached  to  the  outer  end  of  the 
rudder  posts  inside  of  the  rails, 
connecting  by  steel  members  ( rudder 
arr.s)  to  similar  lever  arras  attached 
to  the  rudders  Just  inside  their 
outboard  bearings,  in  such  a  manner 
that  rotation  of  rudder  posts  will 
be  transmitted  by  the  lever  arms 
to  the  rudders.  The  outer  bearings 
of  the  rudders  are  supported  in 
bushings  in  the  vertical  and  hori¬ 
zontal  rails  and  the  inner  bearings 
are  supported  in  bushings  in  the 
rudder  support  body. 

59.  The  rudder  support  body  is  a 
hollow  drop  forging  shaped  to  con¬ 
tinue  the  outline  of  the  tail  cone 
and  having  slotted  projections  in 
which  the  horizontal  and  vertical 
arras  supporting  this  body  are  rivet¬ 
ed.  The  outer  ends  of  the  arms  are 
secured  by  screws  to  the  ends  of  the 
rails  and  thus  form  the  frame  for 
supporting  the  rudders.  The  forward 
end  of  the  body  is  bored  out  to  form 
a  bearing  for  the  after  propeller 
nut,  and  the  sides  *re  bushed  for 
the  vertical  and  horizontal  inner 
rudder  bearings.  At  the  center  of 
the  port  side  of  the  rudder  support¬ 
ing  body  are  graduations  by  which 
the  horizontal  *-udder  readings  are 
made.  A  zero  graduation  is  on  the 
starboard  side  for  the  purpose  of 
aligning  the  top  surfaces  of  the 
horizontal  rudders. 


60.  Enclosed  in  the  tail  are  the 
forward  and  after  propeller  sleeves 
to  which  are  attached  the  propeller 
hubs,  which  in  turn  support  the 
propellers.  The  propellers  and  hubs 
are  secured  in  place  by  nuts,  the 
after  nut  being  machined  with  a 
bearing  for  entry  in  bearing  in 
supporting  body. 

IBS-MIl 

(Mark  13-1  torpedo) 

(Platas  18,19) 

Cl.  In  the  Mark  13-1  torpedo,  the 
depth  and  steering  rudders  are 
mounted  forward  of  the  propellers 
Instead  of  on  the  afterside  as  in 
the  Hark  13  tail.  This  arrangement 
eliminates  Interference  caused  by 
the  tall  rails,  rudder  linkage, 
rudders  and  their  supports  in  the 
propeller  stream,  thereby  Increasing 
the  speed  and  range  of  the  torpedo. 

62.  The  tail  cone  is  a  hollow  drop 
forging  of  alloy  steel  of  the  gen¬ 
eral  form  of  a  frustum  of  a  cone.  It 
has  four  slotted  projections,  two 
vertical  and  two  horizontal  at  right 
angles  to  each  other  on  its  surface 
for  securing  the  after  portions  of 
the  vertical  and  horizontal  tail 
blades.  Tne  forward  end  of  the  ccne 
is  flanged  internally  to  permit 
angular  holes  for  the  Joint  screws 
by  «-hich  the  tail  is  held  to  the 
afterbody.  A  flange  in  the  after 
end  contains  tapped  holes  for  the 
holding  screws  with  which  a  bronze 
bearing  for  the  forward  propeller 
sleeve  Is  held  in  place.  This 
flange  is  also  machined  with  an 
annular  grease  cavity  for  lubricat¬ 
ing  the  tail  bearing.  The  cone  is 
further  reinforced  by  a  two  step 
band,  the  after  portion  of  which  is 
^chined  parallel  to  the  axis  on 
the  inner  surface  of  the  tail  cone. 
This  band  serves  as  a  stiffening 
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THREE  TAIL  ASSCMOUES  USED  ON  MARK  I3*M0D3. 
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MARK  13-1  &2  TAIL  —  VERTICAL  SECTION 
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ring  and  provides  support  for  the 
depth  rudder  bearings. 

63.  In  addition  to  the  holes 
drilled  in  the  after  end  of  the  cone 
for  the  inner  bearings  of  the  rud¬ 
ders,  a  grease  plug  hole  is  drilled 
and  tapped  in  the  after  port  side 
connecting  with  the  grease  cavity 
for  the  tail  bearing  and  four  access 
holes  are  cut  on  the  underside  of 
the  cone  to  facilitate  connecting 
and  adjusting  the  rudder  rods. 
Flanges  are  secured  and  soldered  to 
the  interior  of  the  cone  at  these 
openings  and  provide,  by  being 
threaded,  a  means  of  closing  the 
same  with  plugs  and  copper  washers, 
when  not  in  use  as  access  openings. 
At  the  center  of  the  port  side  of 
the  tall  cone  are  graduations  by 
which  the  depth  rudder  readings  are 
made.  A  zero  graduation  is  stamped 
on  the  starboard  side  for  the  pur¬ 
pose  of  aligning  the  top  surfaces  of 
the  horizontal  rudders. 

64.  The  vertical  and  horizontal 
tall  blades  are  secured  in  the  slot¬ 
ted  projections  on  the  tall  cone  by 
screw  rivets.  The  blades  extend 
forward  over  the  end  of  the  after¬ 
body  07903  inches,  the  extended  por¬ 
tions  being  Interconnected  by  spider 
shaped  straps,  thus  forming  a  trun¬ 
cated  support  for  the  forward  end  of 
the  tail  blades  around  the  after¬ 
body.  These  straps  with  their  rein¬ 
forcing  pieces  are  secured  to  each 
tail  blade  by  five  holding  screws. 
The  after  outer  ends  of  the  blades 


support  the  outer  bearings  for  the 
depth  and  steering  rudders. 

65.  Enclosed  in  the  tail  cone  are 
the  depth  and  steering  rudder  yokes, 
the  rear  terminals  of  the  rudder 
rod  connections  and  fittings  and 
the  forward  and  after  propeller 
sleeves.  To  the  latter  are  attached 
the  propeller  hubs  which  in  turn 
support  the  propellers.  The  pro¬ 
pellers  are  secured  to  their  hubs 
with  nuts,  thus  completing  the 
general  outline  of  the  torpedo  in 
the  rear  of  the  tail  cone. 

66.  The  depth  and  steering  rudders 
are  made  of  alloy  steel  forged  in 
one  piece  with  their  spindles.  The 
steering  rudders  are  located  on 
their  spindles  so  that  when  assem¬ 
bled  on  the  tall  the  effective 
rudder  area  will  be  outside  of 
the  diameter  of  the  propellers, 
thus  minimizing  rudder  interfer¬ 
ence  with  the  water  ahead  of  the 
propellers,  with  consequent  roll¬ 
ing  of  the  torpedo.  The  area  of 
the  lower  rudder  is  smaller  than 
the  area  of  the  upper  rudder.  The 
rudder  spindles  are  machined  square 
on  their  inner  ends  for  engagement 
in  the  square  holes  in  the  rudder 
yokes.  The  portion  of  the  spindles 
next  to  the  square  ends  is  sized 
to  fit  snugly  with  freedom  to 
rotate  in  the  inner  bearings, 
the  outer  ends  of  the  rudder  spin¬ 
dles  being  similarly  fitted  to 
rotate  in  the  bushed  outer  bear¬ 
ings. 


General  Description 
Stop  and  Charging  Valves 
Starting  and  Reducing  Valves 
The  Air  Checks 

Fuel  and  Water  Checks  and  Strainers 

Combust ion  Flask 

Sprays 

Igniter 
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(PlatM  20,21,22) 

1.  If  used  a laply  as  stored, 
the  compressed  air  in  the  air  flask 
of  the  torpedo  contains  only  a 
definite  and  Halted  aaount  of 
energy  which,  with  the  aost  econoa- 
lcal  conversion  Into  aotlve  poeer, 
will  propel  a  torpedo  for  a  Halt¬ 
ed  aailaua  distance  at  certain 
speed.  This  energy,  however,  is 
aaterlslly  increased  during  Its 
conversion  into  aotlve  power  by 
a  staple  application  of  the  law 
of  •Expmnston  of  gates  on  i nereate 
•f  temperature  •  and  snch  Increase 
is  accoapllshed  in  the  present 
torpedo  design  by  the  superheater 
systea. 

2.  In  order  to  clearly  grasp 
ths  functions  of  the  superheater 
systea  two  features  lndident  to 
torpedo  design  should  be  consider¬ 
ed.  First,  that  Increase  of  range 
Involves  deorease  of  speed  and 
therefore  decrease  of  engine  work¬ 
ing  pressure,  and  vice  versai 
and  second,  that  for  any  given 
speed  with  the  accoapanylng  naxl- 
bub  range  at  such  speed,  there 
is  a  definite  econoaical  engine 
working  pressure. 

3.  It  is  therefore  apparent 
that  the  nalntenanoe  of  oonstant 
and  econoaical  working  pressure 
during  a  run  is  mandatory  to  tor¬ 
pedo  efficiency.  With  the  reducer 
and  superheater  as  presently  in¬ 


stalled,  the  variation  In  pressure 
during  a  run  is  negligible. 

4.  The  Mark  13  and  Modification 
torpedoes  are  single  speed  torpedoes 
and  should  be  altered  only  as 
necessary  to  obtain  the  fixed 
speed  as  indicated  in  paragraph  21 
of  this  chapter. 

STOP  AND  CHARGING  YALYR 

5.  The  aeans  provided  for  charg¬ 
ing  air  into  the  air  flask  and 
for  isolating  the  air  in  the  air 
flask  at  will  after  charging  until 
ready  for  use,  thereby  asking  it 
possible  to  disassemble  and  over¬ 
haul  all  the  parts  of  the  torpedo 
while  the  air  flask  is  charged, 
is  known  as  the  Stop  and  Charging 
Valve  (see  Figure  4) . 

0.  High  pressure  air  leaves 
the  air  flask  through  the  dry 
pipe  in  the  after  bulkhead  and 
the  spirally  wound  pipe  in  the 
water  coapartaent  to  the  stop 
and  charging  valve  (see  Plates 
10  k  11).  The  stop  and  charging 
valves  are  contained  in  one  body 
(A)  located  at  the  top  of  the 
aldshlp  section  and  are  reached 
through  openings  in  the  shell, 
which  are  narked.  The  charging 
valve  opening  is  closed  by  a 
plug  (B)  which  carries  the  charg¬ 
ing  valve  (0) .  This  plug  is  renoved 
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for  charging,  escape  of  air  being  of  lts  use*  11  ls  made  ln  the  form 
prevented  by  a  check  valve  (C)  .  This  of  a  bushing  (P)  screwed  into  the 


FIG.  A 


check  valve  *s  guided  in  a  check 
valve  plug  (H)  and  held  against  Its 
seat  by  a  spring  (D) ,  a  stop  (I) 
being  provided  ln  the  bottom  of  the 
plug  for  limiting  the  opening  of  the 
check  valve.  A  washer  (J)  is  inter¬ 
posed  between  the  check  valve  plug 
and  the  body  to  prevent  leakage 
around  the  seat.  The  charging  valve 
seats  against  a  leather  washer  (E) 
as  a  final  barrier  to  escape  of  air 
in  case  the  check  valve  leaks. 

7.  For  charging,  the  charging 
pipe  connection  is  screwed  into  the 
threaded  hole  vacated  by  the  charg¬ 
ing  valve  plug.  As  this  threaded 
hole  is  liable  to  be  damaged  due  to 
Its  exposed  position  and  the  nature 


valve  body,  and  ls  thus  replaceable. 

8.  The  stop  -.alve  (K)  is  of  the 
compression  type  and  closes  airtight 
on  its  ground  seat  (L)  ln  the  valve 
body.  The  stop  valve  carrier  (M) 
ls  threaded  on  the  large  diameter 
and  at  the  outer  end  has  an  axial 
recess  fitted  to  receive  the  square 
shank  of  the  operating  spindle  (N) . 
The  stop  valve  proper  is  fitted  to 
the  bottom  of  the  carrier  in  such 
a  manner  that  it  is  free  to  rotate, 
but  travels  with  the  carrier;  this 
is  accomplished  by  means  of  a  circu¬ 
lar  groove  around  tne  stem  of  th.3 
valve  embraced  by  two  small  pin6  (0) 
through  the  carrier.  The  operating 
spindle  (N)  by  means  of  a  collar  (P) 
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PIPING  DIAGRAM  -  MARK  13  &  MODS. 
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machined  about  midday  around  Its 
circumference  Is  held  with  freedom 
of  revolution  in  the  scop  valve  plug 
(Q)  by  a  follower  (R)  which  in  turn 
is  held  in  place  by  a  keep  screw  (V). 
A  beveled  seat  (T)  machined  on  the 
operating  spindle  and  matching  a 
similar  seat  machined  on  the  stop 
valve  plug  prevents  leakage  around 
t'e  operating  valve  spindle.  Turn¬ 
ing  the  operating  spindle  screws 
the  carrier  up  or  down,  lifting  or 
seating  the  stop  valve.  The  stop 
valve  plug  (Q)  threaded  the  same 
as  the  carrier  Is  set  up  hard 
against  Its  seat,  the  Joint  being 
made  tight  by  a  leather  washer. 

STARTING_AND_REDUCING_VALVB 

9.  The  assembled  mechanism  com¬ 
posed  of  the  starting  valve  and  the 
reducing  valve  Is  contained  In  a 
forged  naval  brass  body  generally 
referred  to  as  the  valve  group 
which  Is  secured  by  means  of  two 
screws  to  the  turbine  bulkhead. 

10.  The  starting  valve  of  the 
torpedo  executes  a  function  similar 
to  that  of  a  throttle  valve  of  a 
marine  steam  engine,  Its  opening 
being  effected  automatically  at  the 
desired  time.  Its  essential  function 
Is  to  Isolate  the  stored  energy 
(compressed  air)  of  the  torpedo 
until  the  proper  time  for  Its  re¬ 
lease  and  then  to  open  automatically. 

11.  The  starting  valve  situated 
and  moving  In  a  cylinder  chamber 
of  the  valve  group  body  Is  of  a 
form  as  shown  In  plates  20  and 
22  and  Figure  5. 

12.  It  consists  of  a  1-3/16*  diam¬ 
eter  piston  (A)  with  two  lapped 
rings  (B)  fitted  In  the  lap  bore 
of  the  valve  body.  The  valve  is 
held  against  its  seat  in  the  valve 
body  by  means  of  a  spring  (C)  .  A 


small  hole  or  '.y-pasj  (D)  i.-  drilled 


Fl<3.  3 

through  the  valve  affording  communi¬ 
cation  between  the  space  above  the 
valve  and  the  high  pressure  cavity 
In  the  valve  body.  Upon  opening  the 
stop  valve  high  pressure  air  passes 
through  the  by-pass  equalizing  the 
pressure  above  and  below  the  valve, 
thus  holding  it  on  its  seat. 

13.  The  starting  valve  chamber 
is  closed  by  a  plug  (E)  with  laprod 
scat  (F)  secured  by  means  of  a 
threaded  ring  (G)  In  the  tapped  hole 
of  the  valve  body.  A  hole  Is  drilled 
through  the  body  to  the  space  abov- 
the  valve  and  a  pipe  connects  it 
to  the  starting  piston  of  the  start¬ 
ing  piston  of  the  starting  gear, 
which  will  be  described  under  the 
latter  heading.  The  plug  Is  pro¬ 
vided,  on  .*s  Inner  face,  with  a 
tapered  seat  n  fit  a  correspond¬ 
ing  tapered  s.at  at  the  upper  end 
of  the  startln  alve,  serving 
as  a  stop  to  cIk.k  the  opening 
movement  of  the  valve  piston  without 
danger  of  burring  the  edge. 

14.  The  area  of  the  cylindrical 
portion  of  the  valve  Is  slightly 
larger  than  the  area  over  the  valve 
seat  so  that  when  the  air  Is  ex¬ 
hausted  from  above  the  valve  by 
the  action  of  the  starting  piston 
In  the  starting  gear,  the  pressure 
on  the  difference  of  areas  opens 
the  valve  which  permits  the  flow 
of  high  pressure  air  to  the  reduc¬ 
ing  valve  (see  Figure  6)  . 


RBDDCING  VALVS  demonstration.  It  may  be  treated 

diagrammatlcally  as  in  Figure  6. 

15.  The  reducing  valve,  interposed 

in  the  valve  group  between  the  start-  16.  For  a  clear  understanding  of 


DIAGRAM  OF  SYLPHON  REDUCER  FlQ.  6 


ing  valve  and  the  restriction  valve  the  funotlon  performed  by  the  reduc- 
is  for  the  purpose  of  automatically  ing  valve,  attention  is  Invited  to 
delivering  air  through  the  restric-  the  forces  tending  to  open  and  close 
tion  valve  to  the  combustion  flask  the  valve,  when  control  valve  pres¬ 
at  a  constant  pressure  and  constant  sure  is  not  applied.  The  spring 
and  economical  rate  throughout  the  pressure  alone  is  adjustable  and  it 
torpedo's  run.  For  purposes  of  is  by  virtue  of  this  adjustable 
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spring  pressure  that  the  air  pres¬ 
sure  delivered  from  the  valve  nay  be 
regulated  and  set  to  deliver  the 
designated  pressure  before  a  run. 

17.  The  essential  operation  of  the 
valve  as  shown  in  Figure  6  is  as 
follows:  The  natural  and  constant 
tendency  of  the  valve,  if  free  from 
spring  pressure  is  to  close,  as  the 
areas  (A  -  8)  f  D  subject  to  down¬ 
ward  pressure  exceed  areas  (C  —  B) 
♦  valve  face,  subject  to  upward 
pressure.  Therefore,  if  spring 
pressure  (E)  should  be  applied  on 
the  end  of  the  valve  stem  in  excess 
of  this  natural  force  tending  to 
close  the  valve  when  free,  the  valve 
would,  on  entrance  of  air,  open 
fully  and  furthermore,  providing  the 
escape  was  unrestricted  (as  for 
instance  direct  escape  into  atmos¬ 
phere  through  an  exit  equal  in  size 
to  the  inlet),  the  valve  would 
remain  thus  open. 

18#  The  escaping  air  is  not 
unrestricted,  however,  but  on  the 
contrary  is  confronted  with  consid¬ 
erable  resistance  as  it  oust  pass 
through  a  restriction  prior 
to  its  entry  into  the  combustion 
flask  to  support  the  combustion  of 
the  alcohol,  and  thence  through  the 
turbine  nozzle  before  escaping  to 
the  atmosphere.  Under  these  condi¬ 
tions  the  air  between  the  reducing 
valve  and  restriction  will, 
if  the  reducing  valve  remains  open, 
soon  increase  in  pressure  suffi¬ 
ciently  to  cause  the  forces  tending 
to  close  the  valve  to  exceed  thos  e 
tending  to  open,  with  the  resultant 
partial  closure  of  the  valve.  When 
such  closure  occurs  the  air  under 
the  valve  will  be  rapidly  exhausted, 
with  accompanying  fall  of  pressure. 
As  soon  as  the  forces  tending  to 
open  again  exceed  those  tending  to 
close,  the  valve  will  open  core. 


From  the  above  it  will  be  seen 
that  the  air  pressure  prevailing 
between  the  reducing  valve  and  the 
restriction  (reduced  pressure)  will 
not  be  allowed  to  exceed  or  to  fall 
below  a  certain  point  without  accom¬ 
panying  closure  or  opening,  respec¬ 
tively,  of  the  reducing  valve  and 
further  that  the  pressure  of  the 
air  delivered  from  this  valve  per¬ 
mits  regulation  (within  certain 
limits )  oy  varying  the  spring  pres¬ 
sure.  At  the  start  of  a  run,  the 
reducing  valve  will  quickly  take  up 
an  amount  of  opening  necessary  for 
the  required  reduced  pressure, 
delivering  the  pressure  with  a 
slightly  rising  characteristic  dur¬ 
ing  the  first  half  of  the  run  with 
steady  pressure  from  there  to  the 
beginning  of  the  tall  off.  The  maxi¬ 
mum  rise  of  this  pressure  is  about 

15  lbs. 

19.  The  sleeve  in  this  reducer 
is  a  finely  lapped  fit  within  the 
body,  with  a  small  definite  clear¬ 
ance  ( 2003  difference  in  diameter) 
between  the  surfaces.  Great  care 
is  taken  to  secure  a  mirror-like 
finish  on  these  surfaces.  In  order 
to  conserve-the  leakage  of  high 
pressure  air  through  the  clearance 
between  the  sleeve  and  the  body, 
the  sylphon  diaphragm  is  employed, 
which  separates  the  reduced  pressure 
side  of  the  reducer  from  the  Inte¬ 
rior  of  the  spring  case  and  yet 
provides  sufficient  flexibility  for 
proper  reducer  adjustment  and  action. 
Communication  between  the  sylphon 
chamber  and  the  reduced  pressure 
side  of  the  regulator  is  made  by  a 
drilled  hole  through  the  body.  This 
hole  or  port  is  much  larger  than 
the  clearance  space  around  the 
sleeve,  and  any  leakage  of  high 
pressure  air  readily  flows  away 
and  does  not  cause  undue  pressure  in 
the  external  sylphon  chamber. 
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20.  The  sylphon  diaphragm  Is  form¬ 
ed  of  laminated  tubing  Into  a  suc¬ 
cession  of  concentric  convolutions; 
their  depth  and  form  and  laminated 
walls  make  a  relatively  flexible 
bellows,  which  sustains  its  working 
pressure  fairly  well  and  at  the  same 
time  permits  the  valve  to  seek  its 
position  of  equilibrium,  so  neces¬ 
sary  for  good  pressure  regulation. 

21.  The  regulator  spring  is  con¬ 
tained  in  a  chamber  open  to  external 
pressure,  and  which  includes  the 
interior  of  the  sylphon.  It  is  form¬ 
ed  by  the  spring  case,  and  has  a 
speed  screw  and  a  distance  washer 
to  adjust  and  fix  the  spring  com¬ 
pression.  A  vent  hole,  closed  by  a 
rubber  band,  vents  any  air  leakage 
that  might  get  past  or  through  the 
sylphon  walls.  The  spring  compres¬ 
sion  fixes  the  regulator  pressure. 
The  speed  ring  in  these  torpedoes 
should  never  be  changed.  The  size 
of  the  speed  ring  is  adjusted  to  a 
speed  of  29.5  ±  .5  knots  for  the 
Mark  13  torpedo  and  to  speeds  of 
33.5  ±  .5  knots  and  40.  for  Mark 
13-1  and  2  torpedoes. 

FUEL  AND  WATER  DELIVERY  SYSTEM 


22.  Fuel  and  water  are  forced  into 
the  combustion  flask  through  their 
respective  atomizing  sprays  in  the 
form  of  vapor  by  the  passage  of 
reduced  air  pressure  to  the  air 
check  valves  and  through  independent 
leads  from  the  air  check  valves  to 
the  top  of  the  water  and  fuel  com¬ 
partments,  thence  through  delivery 
lines  from  the  bottom  of  the  fuel 
and  water  compartments,  each  dis¬ 
charging  through  its  respective 
delivery  check  valve  and  spray  to 
the  combustion  flask.  To  prevent 
sluggish  opening  or  possible  seating 
of  the  check  valves  due  to  air  cush¬ 
ioning  on  the  outboard  ends  these 


ends  are  vented  by  individual  pipes 
connecting  through  a  common  vent 
fitting,  with  the  interior  of  the 
afterbody. 

AIR  CHECK  VALVES 
mm  •*  ™  —  ■■  »  •  “  ••  • 


23.  The  air  check  valves  (Figure  7) 
are  interposed  between  the  reducing 
valve  and  fuel  and  water  compart¬ 
ments.  Their  purpose  is  to  close 
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those  compartments  against  each 
other  and  into  the  reducing  valve 
except  when  the  torpedo  is  in  normal 
operation  and  to  vent  pressure 
accumulations  which  may  be  caused 
by  air  leaks  into  the  water  compart¬ 
ment. 


24.  The  air  check  valves  are  con¬ 
tained  in  a  naval  brass  body  'A) 
secured  by  screws  to  the  midship 
shell  on  the  after  side  of  the  stop 
and  charging  valve.  This  body  is 
machined  with  the  necessary  inlet, 
outlet,  and  vent  nipples,  together 
with  valve  and  plug  seats  for  the 
fitting  and  assembly  of  the  air 
check  valves.  In  the  inlet  (offset) 
nipple  is  Inserted  a  3/16"  restric¬ 
tion  (B)  to  check  a  sudden  flow  of 
air  and  permit  the  pressure  to  equpl- 
ize  on  both  sides  of  the  fuel  flask 


-31- 


at  the  Instant  of  opening,  and  thus 
prevent  a  possible  rupture. 

25.  As  will  be  noted  In  Figure  7, 
the  two  air  check  valves  (C)  are 
machined  In  the  fora  of  cylindrical 
plungers  with  the  diameters  of  their 
Inner  ends  increased  to  form  the 
valve  face,  and  the  enlarged  beveled 
area  required  for  the  air  pressure 
to  open  the  valves.  The  cylindrical 
portions  of  the  valves  are  lapped 
Into  the  bores  of  the  valve  plugs 
(D) ,  thus  forming  guide  sleeves  for 
their  movements  in  the  plugs.  Flat 
shoulders  formed  over  the  Increased 
diameters  of  the  valves  are  lapped 
to  seats  on  the  ends  of  the  valve 
plugs  to  prevent  leakage  of  air  by 
the  lapped  guide  sleeves  with  possi¬ 
bilities  of  cold  runs.  Bosses  are 
machined  in  the  bottom  of  the  valve 
guide  sleeves  for  centering  the 
valve  spring  and  to  reinforce  tapped 
holes  used  in  connection  with  mani¬ 
pulation  of  check  valves  during 
overhaul  and  tests. 

26.  As  previously  stated,  the 
valve  plugs  are  bored  out  and  lap- 
fitted  to  the  valve  sleeves,  thus 
forming  a  guide  for  the  check 
valves.  Holes  are  drilled  through 
the  outer  ends  of  the  valve  plug 
Into  which  bushings  (E)  for  center¬ 
ing  the  check  valve  spring  are 
inserted.  The  diameters  of  the 
outer  ends  of  the  check  valve  plugs 
are  increased  to  form  flanges  for 
seating  the  plugs  in  the  valve  body. 
The  portion  of  the  plugs  under  the 
flanges  Is  threaded  to  fit  similar 
threads  In  the  check  valve  body 
and  the  outer  ends  of  the  plugs  are 
machined  with  squares  for  insertion 
of  a  tool  when  overhauling. 

27.  The  check  valves  are  held 
against  their  seats  In  the  body  by 
springs  (F)  inserted  in  the  check 


valve  sleeve  guides  and  compressed 
between  the  valves  and  their  guide 
bushings  in  the  check  valve  plugs. 

28-  The  outer  ends  of  the  spaces 
above  the  check  valve  plugs  are 
closed  by  screw  plugs  (G)  and  inter¬ 
connected  by  an  air  vent  passage, 
the  entire  space  being  vented  into 
the  afterbody  with  pipes  passing 
through  a  common  vent  manifold 
fitting  attached  to  the  midship 
shell.  Vfashers  are  interposed  under 
the  valve  plug  flanges  and  screw 
plugs  to  seal  against  leakage  of 
air. 

HOTK  V*nt ing  *f  th.  «lr  ch.ek  la  ntc.a- 

Ifea  *al*a  froa  cuahlonlng  th.  •  >!*.  or  pra.ant- 
U|  lit  opening. 

29.  Reduced  air  pressure  upon 
entering  through  the  restriction  (B) 
will  immediately  fill  the  passage 
around  the  air  check  valves  and 
will,  due  to  the  areas  of  the 
beveled  surfaces  of  the  valves  above 
their  seats  being  larger  than  the 
opposing  area  on  the  flat  seats, 
open  the  valves  against  the  pressure 
of  their  springs  and  hold  the  valves 
so  open  until  the  spring  pressure 
again  exceeds  the  forces  tending  to 
open  the  valves,  at  which  time  the 
valves  will  again  close.  Air  pres¬ 
sure  required  to  unseat  the  valves 
when  acting  against  the  beveled  area 
above  the  valve  seat  is  approxi¬ 
mately  12  lbs. 

30-  The  air  check  valves  may  also 
be  considered  as  relief  valves  in 
that  any  pressure  accumulation  in 
the  fuel  or  water  compartment  in 
excess  of  6  lbs.  will  act  against 
the  areas  under  the  air  check  valve 
seats,  unseating  the  valves  and 
relieving  such  pressure  through  the 
restriction  valve  and  combustion  pot. 

31.  The  air  is  conveyed  from  the 
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alr  check  valves  through  pipes  con¬ 
necting  through  the  water  compart¬ 
ment  bulkhead  to  the  top  of  the  fuel 
and  water  compartments. 

FUEL, AND  WATER  STRAINBRS  AND_CHEC£ 

V A LV|S 

(Figure  H) 

32.  As  previously  stated  the  fuel 
and  water  are  delivered  to  the 


and  check  valves  are  contained  In  a 
forged  naval  brass  body  (A)  secured 
to  the  midship  shell  adjacent  to 
the  stop  valve.  This  body  is  suit¬ 
ably  machined  with  four  chambers  in 
which  are  carried  the  fuel  and  water 
strainers  (B)  and  fuel  and  water 
check  valves  (C)  ,  together  »lth  the 
necessary  air  passages  and  nipples 
for  the  Intake  and  discharge  of  fuel 
and  water  and  for  venting  the  out¬ 
board  ends  of  t  he 


FUEL  AMD  WATER  STRAINER 
AND  CHECK  VALVE  BODY 
FIG. 8 

sprays  through  strainers  and  check 
valves  interposed  between  the  fuel 
and  water  compartment  and  the  com¬ 
bustion  flask.  The  purpose  of  the 
strainers  is  to  pick  up  any  foreign 
matter  which  may  be  present  in  the 
fuel  and  water  before  reaching  the 


check  valves. 

34.  The  fuel  and 
water  inlet  por  t  s 
(D)  ara  arrang  e  d 
so  that  the  liquid 
enters  through  the 
top  of  the  strain¬ 
ers,  the  s  paces 
above  these  strain¬ 
ers  being  c  1  os  ed 
by  screw  plugs  (J) 
seated  against 
washer  (I)  and  pass¬ 
ing  through,  emerges 
at  the  bottom  under 
the  check  v  a  Ives 
and  thence  through 
these  ?  alvos  to 
their  outlet  n 1  p- 
ples  (E)  directly  above  the  valve 
seats  . 

35.  The  valves  are  of  the  poppet 
type  and  double  acting,  so  that  when 
closed  fuel  and  water  will  not 
into  the  combustion  flask  and  wK*n 


sprays  and  there-by  prevent  possi¬ 
bility  of  clogging  of  the  sprays. The 
fuel  and  water  check  valves  auto¬ 
matically  seal  the  fuel  and  water 
compartment  against  leakage  of  fuel 
and  water  through  the  sprays  into 
the  combustion  flask  until  opened  by 
reduced  air  pressure  upon  launching 
of  torpedo. 


open  fuel  and  water  are  prevented 
from  outboard  leakage.  The  diameter 
above  the  valve  face  is  increased 
and  again  decreased  to  fit  the  bore 
of  the  valve  guide  (F)  and  thus 
form  a  shoulder  which  by  seating 
against  the  inner  end  of  the  valve 
guide  forms  an  effective  seal 
against  outboard  leakage;  the  diam¬ 
eter  is  further  decreased  to  form 


33.  The  fuel  and  water  strainers  the  valve  stem  (G)  which  is  lapped 
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into  a  hole  in  the  valve  guide.  The 
outer  end  of  the  valve  stem  is 
drilled  and  tapped  for  the  insertion 
of  a  manipulating  tool.  A  spring 
(H)  encircling  the  stem  and  com¬ 
pressed  between  its  shoulder  and  the 
valve  guide  normally  keeps  the  valve 
on  its  seat,  18  to  20  lbs.  pressure 
being  required  to  unseat  both  valves. 

30.  The  valve  guides  are  threaded 
to  fit  similar  threads  in  the  check 
valve  body,  the  outer  end  of  the 
guides  being  machined  with  hexagonal 
heads  for  insertion  of  manipulating 
tool.  The  spaces  above  the  valve 
guides  are  closed  by  screw  plugs  (I) 
seated  against  washers  (L)  and 
inter-connected  by  air  venting 
passages  to  a  common  nipple  which  in 
turn  connects  with  the  vent  manifold 
by  a  pipe. 

37.  From  the  check  valves  the  fuel 
and  water  passes  through  pipes  t  o 
the  sprays,  fuel  and  water  spray 
bodies  and  the  combustion  flask. 

CQ HBUSIIQH.ELASK 

38.  The  function  of  the  combustion 
flask  is  to  provide  a  pressure  tight 
chamber  of  such  proportions  and 
arrangement  that  the  flowing  air  and 
fuel  may  be  thoroughly  mixed  and 
Ignited,  and  the  resulting  mixture 
of  gases  and  steam  raised  to  a 
temperature  for  delivery  to  the 
nozzles . 

39.  After  passing  through  the 
restriction  the  reduced  air  enters 
into  the  combustion  flask  through 
an  annular  concentric  air  passage 
in  the  combustion  flask  cover  called 
the  preraixer  top.  In  this  passage 
is  located  a  bronze  ring  machined 
with  right  hand  helical  guides  to 
give  the  flowing  air  a  whirling 
motion  as  it  passes  through.  The 


fuel  spray  holder  is  located  in  the 
center  of  this  passage  and,  passing 
the  helical  guide  ring,  locates  the 
fuel  spray  in  a  position  most  effi¬ 
cient  for  vaporizing  and  igniting 
the  fuel  for  combustion. 

40.  The  combustion  flask  is  a 
cylindrical  steel  forging, ore  (exit)  end 
of  which  is  hemispherical  in  form 
and  the  flask  other  end  closed  by  a 
dome  shaped  cover.  The  exit  of  the 
flask  is  extended  to  form  a  boss 
which  is  bored  and  tapped  for  the 
insertion  of  a  1"  x  20  thread 
copper  pipe  connecting  the  com¬ 
bustion  flask  with  the  turbine 
nozzle.  After  insertion  and  align¬ 
ment  this  pipe  is  brazed  in  position 
and  thus  becomes  fixed  in  the  exit 
end  of  the  flask.  As  previously 
stated,  the  interior  central  portion 
of  the  combustion  flask  cover  is 
machined  in  the  form  of  on  annular 
concentric  air  passage  into  which  is 
fitted  the  bronze  helical  guide  ring 
after  fitting.  A  nipple  machined  on 
a  boss  on  the  cover  at  right  angles 
with  the  concentric  air  passage 
affords  a  means  for  connecting  the 
combustion  flask  to  a  nipple  on  the 
reducing  valve  by  means  of  a  right 
and  left  hand  threaded  nut.  A  hole 
is  drilled  and  tapped  in  the  center 
of  the  cover  for  the  insertion  of 
the  fuel  spray,  a  similar  hole  being 
drilled  and  tapped  on  the  side  of 
the  cover  at  a  suitable  angle  for 
directing  the  water  spray  to  the 
center  of  the  combustion  pot  at  a 
point  most  desirable  for  conversion 
to  steam.  A  boss  extending  above 
the  cover  adjacent  to  its  central 
projection  is  drilled  and  tapped 
for  the  insertion  of  the  igniter. The 
Joint  of  the  cover  with  combustion 
flask  is  formed  by  a  circular  lip 
machined  on  the  cover , fitting  snugly 
into  the  interior  diameter  of  the 
flask,  after  which  the  outside  of 
the  Joint  is  welded. 
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smis 

(Plate  22) 

41.  The  function  of  the  sprays  Is 
to  regulate  the  rate  of  flow  and 
vaporize  the  fuel  and  water  entering 
the  coibus t ion  flask  and  thus, 
supported  by  air  fro®  the  reducing 
valve.  Introduce  the  elements  of 
coabustlon  in  their  proper  ratios. 

42*  The  fuel  and  water  sprays 
each  consist  of  the  holder,  spray 
whirl  and  spray  body.  The  holders 
are  cylindrical  in  for®  and  of 
sufficient  length  to  proper ly  locate 
the  sprays  in  the  coabustlon  flaftk. 
The  outer  disasters  of  the  holders 
are  extended  to  fora  seats  for 
washers,  the  portion  over  and  under 
the  extended  flanges  being  threaded 
for  insertion  in  the  combustion 
flask  and  for  pipe  connections  froa 
the  aheck  valves.  The  interiors  of 
the  spray  holders  are  suitably 
aachlned  and  tapped  for  the  inser¬ 
tion  of  spray  bodies.  The  spray 
holders  each  screw  into  the  coabus¬ 
tlon  flask  cover  agalns t oopper 
washers.  The  spray  whirls  are  rade 
in  the  fora  of  double  thread  woras 
snugly  fitted  against  the  timer 
walls  of  the  spray  body,  the  fuel 
spray  whirl  having  a  fine  pitch  and 
the  water  spray  whirl  a  coarse 
pitch.  The  spray  bodies  are  bored 
out  to  fit  the  spray  whirls,  the 
holes  tapering  toward  the  tip  end  to 
near  the  exit  holes,  thus  foralng 
cone  shaped  atoalzlng  chaabers.  The 
holes  in  the  inner  ends  of  the  spray 
bodies  are  closed  by  screw  plugs. 
Pour  holes  are  drilled  through  these 
plugs  to  peralt  the  passage  of  fuel 
and  water  into  the  atoalzlng chaaber . 
The  spray  holes  are  sized  to  regu¬ 
late  the  spray  delivery,  but  due  to 
alnor  variations  in  the  dimension  of 
the  passages  in  the  atoalzlng  ehaa- 


ber,  the  sices  of  the  spray  holes 
aay  vary  slightly  in  different 
torpedoes,  as  the  sprays  are  not 
calibrated  for  size  ofopenlngbut 
for  rate  of  flow.  The  Mark  13  and 
Modification  1  and  2  torpedoes  carry 
one  fuel  spray  and  one  water  spray. 

■OTSi  Mr  InlrMlltM  NUIlM  taaprtj  •ill* 
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43.  The  combustible  mixture  of  air 
and  alcohol  entering  the  flask  at 
the  Instant  of  firing  is  ignited  by 
a  combined  pistol  and  double  fuse, 
called  the  igniter.  The  igniter  is 
fired  by  air  froa  the  reduced  pres¬ 
sure  side  of  the  reducing  valve 
almost  as  soon  as  the  torpedo  is 
fired.  It  consists  of  a  body  contain¬ 
ing  a  piston  assembly  (composed  of 
Piston,  spring,  and  plungsr  as  one 
unit)  which  is  sealed  by  a  diaphragm 
on  its  upper  or  pressure  side  and 
which  normally  rests  on  two  firing 
pins.  The  firing  pins  rest  on  the 
ignition  tube.  This  member  is  screw¬ 
ed  in  the  body  froa  the  top  against 
a  copper  washer,  its  lower  section  is 
flat  and  divides  the  inside  of  the 
body  into  two  half  sections,  each 
side  0f  which  is  sealed  against  each 
other  by  packing  and  into  which  the 
double  charge  is  pressed,  the  lower 
end  being  sealed  by  a  lead  disc.  The 
ignition  tube  is  drilled  froa  i*.  r 
upper  end  to  take  the  primer 
with  holes  extending  nearly  to  the 
bottom  and  so  perforated  that  the 
flaae  froa  each  cap  is  directed  to 
both  ignition  charges.  The  piston 
assembly,  which  rests  upon  the  two 
firing  pins,  is  held  in  the  firing 
position  by  shear  nibs  on  the  firing 
pins,  which  take  up  on  the  shear 
Plate  and  the  sides  of  the  holes  in 
which  the  caps  are  seated.  The  shear 
nibs  hold  the  piston  and  firing  pins 
away  froa  the  caps  until  air  pressure 
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sure  of  about  250  lbs.  per  square 
Inch  Is  built  up  above  the  diaphragm, 
when  by  suddenly  yielding,  the 
piston  assembly  and  firing  pins  are 
forced  down  on  the  caps  by  the  fir  - 
ing  air  pressure  plus  the  energy 
stored  In  the  plunger  spring  during 
the  time  the  pressure  was  building 
up  to  the  firing  pressure.  The 
firing  pin  nibs  rest  on  a  small 
steel  shear  plate  with  holes  of 
lesser  diameter  than  the  holes  In 
the  Igniter  tube*  this  is  to  Insure 


that  the  sheared  areas  are  not  drag¬ 
ged  along  on  their  way  down  to  the 
firing  caps.  The  igniter  is  instal¬ 
led  in  the  combustion  flask  against 
a  copper  washer. 

44.  The  burning  igniter  projects 
its  flame  into  and  across  the  com¬ 
bustion  flask  and  burns  for  about 
ten  seconds.  The  two  primer  caps 
and  the  double  loading  reduce  fail¬ 
ures  far  below  the  misfire  record  of 
single  cap  or  a  single  loading. 


-37- 


CHAPTER  IV 
PROPELLING  MTCHANISM 
Nozzles 

Turbine  Bulkhead 
Main  Engine 
Smoke  Prevention 
Oiling  System 
Exhaust  System 
Propeller  Sieeves 
Propeller  and  Hubs 


-39- 


CHAFTBR  IV 


IHB-HCZZLES 

(Plate  22) 

1.  The  nozzle  Is  a  single  piece 
steel  forging,  suitably  machined  to 
close  the  opening  on  the  horizontal 
projection  of  the  upper  portion  of 
the  turbine  bulkhead  and  to  convey 
and  distribute  the  hot  gases  from 
the  combustion  pot  connection  to  the 
turbines . 

2.  The  three  nozzles'  Jets  are  of 
the  so-called  conical  type.  The 
least  diameter  is  at  the  throat,  the 
nozzle  entrance  being  slightly 
rounded  at  its  entering  edge  to  give 
easy  approach  for  the  gases.  The 
diameter  of  the  throat  fixes  the 
rate  of  flow  of  the  gases  at  any  given 
pressure  and  is  accordingly  deter¬ 
mined  by  the  power  requirements  of 
the  torpedo.  From  the  throat  the 
nozzle  flares  in  a  conical  form,  the 
amount  of  taper  being  fixed  by  the 
ratio  of  expansion  desired.  The 
nozzles  are  placed  so  as  to  properly 
direct  the  gases  to  the  turbine 
buckets.  In  passing  through  the 
conical  portion  of  the  nozzles,  the 
gases  expand  from  nozzle  pressure  to 
approximately  afterbody  pressure, and 
emerge  from  the  mouth  at  high 
velocity,  (about  4000  f.s.  in  modern 
torpedoes ). 

THB_IUEBI85_B0LKHBAD 

(Plates  23,24) 

3.  The  forward  end  ox  the  after¬ 
body  is  closed  by  a  large  bronze 
casting  known  as  the  turbine  bulk¬ 


head.  It  is  secured  to  the  engine 
cage  by  means  of  screws  sweated  in 
the  latter,  and  nuts,  a  gasket  of 
high  pressure  packing  being  inter¬ 
posed  between  the  surfaces  to  secure 
pressure  tightness. 

4.  The  upper  portion  of  the  bulk¬ 
head  projects  forward,  and  has  on 
its  lower  horizontal  surface  an 
opening  and  tapped  holes  with  studs 
for  attaching  the  nozzle.  The 
engine  frames  are  bolted  to  this 
bulkhead  on  its  after  face,  and 
thus  it  supports  the  entire  engine 
assembly.  Also  at  its  forward  side 
it  supports  the  nozzle,  combustion 
flask  and  starting  and  reducing 
valve  bodies.  Suitable  nipples  are 
mounted  in  the  bulkhead  for  connect¬ 
ing  the  air  pipe  lines  that  are 
required  to  pierce  the  bulkhead. 

flAIN.EHGINB 

(Plates  23,24) 

5.  The  main  engine  is  of  the 
turbine  driven,  gear  reduction  type. 
It  is  frequently  spoken  of  as  a 
balanced  turbine  engine,  due  to  the 
fact  that  the  turbines  and  gearing 
are  in  pairs  revolving  in  opposite 
directions,  thus  balancing  the  gyro¬ 
scopic  effect  on  the  torpedo.  It 
consists  essentially  of  two  turbine 
rotors  each  mounted  on  a  suitable 
spindle,  one  within  the  other,  and  a 
system  of  gearing  for  conveying  the 
drive  to  the  propeller  shafts.  Ball 
bearings  are  used  wherever  space 
permits. 

6.  The  turbine  spindles  are 
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mounterl  in  a  spindle  casing  which  in 
turn  is  bolted  to  the  upper  and  low- 
■r  engine  frames.  The  crosshead  sup¬ 
ports  the  main  driving  gears  and 
bevel  pinions, and  is  also  bolted  to 
the  engine  frames.  The  after  ends  of 
the  engine  frames  are  tied  together 
by  a  strut,  which  also  serves  as  a 
stop  to  limit  the  end  play  of  the 
outer  propeller  shaft  The  forward 
ends  of  the  engine  frames  pre  bolt¬ 
ed  to  the  engine  bulkhead. 

7.  The  ball  bearings  for  the  tur¬ 
bine  spindles  are  three  in  number, 
the  outer  races  being  threaded  and 
screwed  into  threaded  seats  in  the 
spindle  casing. The  forward  side  of 
the  spindle  casing  is  s lotted, and  *t 
each  bearing  a  bolt  is  provided  for 
drawing  down  on  the  casing  and  thus 
clamping  the  ball  races.  The  edge  of 
each  outer  race  Is  notched, and  lock¬ 
ing  fingers  mounted  in  the  slot,  one 
lor  each  bearing,  engage  with  the 
notches.  By  this  means  a  degree  of 
adjustment  Is  provided  whereby  the 
desired  clearance  between  the  face 
of  the  nozzle  and  the  first  wheel, 
and  clearance  between  the  wheels  may 
be  obtained.  The  bearing  between  the 
turbine  spindles  consists  of  four 
bushings  of  bearing  bronze, each  pro¬ 
vided  with  oil  holes  and  grooves  .The 
fit  at  this  point  is  relatively 
loose, the  difference  between  each 
two  bearing  diameters  being  S007. 
resulting  in  a  total  play  between 
the  inner  and  outer  turbine  spindles 
of  VOM. 

8.  Due  to  the  high  rate  of  rota¬ 
tion  of  the  turbine  and  the  close 
proximity  of  the  bearings  to  the  hot 
exhaust  gases,  it  is  important  that 
these  bearings  receive  a  sufficient 
supply  of  oil  . 

9-  As  previously  stated,  the  main 
driving  gears  and  bevel  gear  train 
are  mounted  on  the  crosshead.  The 


former  carry  the  bevel  pinions  which 
mesh  with  bevel  gears,  one  on  each 
propeller  shaft.  The  arrangement 
is  such  that  the  unequal  turn¬ 
ing  effort  of  the  turbines  is 
converted  to  equal  turning  effort 
on  the  propeller  shafts.  Further, 
at  the  point  of  greatest  tooth 
pressure  viz.,  at  the  bevel  pinions, 
the  bearing  pressure  is  partially 
balanced  and  the  driving  torque 
Is  carried  by  a  greater  number 
of  teeth.  The  bearings  for  the 
main  driving  gears  and  bevel  pinions 
are  plain  bearings,  lack  of  space 
precluding  the  use  of  ball  bearings. 

10  The  turbines  are  secured 
to  the  turbine  spindles  by  moans 
of  a  tapered  fit  and  two  keys 
diametrically  opposite,  and  are 
pulled  home  by  moans  of  a  lock¬ 
ing  nut.  Two  locking  screws 
prevent  the  nut  from  accidentally 
unscrewing.  A  high  degree  of 
perfection  in  the  taper  fit  Is 
required,  and  this  Is  accom¬ 
plished  by  first  grinding  both 
surfaces  and  then  lightly  lapping 
them  together.  At  assembly  the 
turbines  are  drawn  strongly  to 
the  spindles.  This  Is  essential, 
as,  in  operation,  the  wheels  enlarge 
due  to  a  combination  of  centri¬ 
fugal  stresses  and  temperature 
changes;  therefore  an  equiva¬ 
lent  initial  stress  must  bo  set 
up  at  assembly  in  order  to  prevent 
loosening  of  the  fit  during  a  run. 

11.  The  turbine  buckets  are  cut 
from  the  solid  metal  of  the  wheel. 
A  bard  at  the  periphery  of  the 
turbine  serves  to  shroud  and  com¬ 
plete  the  form  of  the  bucket  The 
band  Is  secured  by  means  of  rectang¬ 
ular  projections , one  on  each  bucket, 
which  fit  corresponding  holes  In  the 
bands, and  which, after  assembly  of 
the  band,  are  riveted  over. 


SECOND  TURBINE  WHIIL  BAND 


A*  OfCCK  VALVE 
W«T«  LPT tRQB 


AFTBtVIL  GEAR. 
mum  STRUT  BALL  RACK 


GEAR  for  0RNE4G  GYtO 

TAFtR  PIN 

NUT 

STUD 
•FLIT  PIN 


OTTOM  rtAMf 
ivinc  pinion 

LIT  PIN 


NUT  - 

PLUG - 

IGNITE* 

WASHER. - - 

COMBUSTION  FLASK. 

COV1IL 


NUT - ' 

FUEL  SPRAT  HOLDER 


PLUG 


OIL  CONNECTION' 
SLEEVE  FOR  OIL. 
CONNECTION 

WORM 


TURBINE  g*  GEAR  TRAIN  -  ELEVATION 


1  OIL  pump  stud 

SCREW 


RING 


E  SA 


CROSS  HEAD 
,WA5WER 
* / SCREW 

/  .SECOND  TURBINE  WHEEL  BAND 
/  /  .FIRST  TURBINE  WHEEL  BAND 
//.SCREWS 

//  .TURBINE  CASING 
!  /  .LOCKING  TIN 

//////3C*£  W 

////// iMA,N  DRIVING  GEAR 
'  / /UPPER  TURBINE  FRAME 

//.BUSHINGS 
/  /  /AFT  BEVEL  GEAR 


TURBINE  BULKHEAD 
.SECOND  TURBINE  WHEEL 

'  .NUT 
/.  PLUG 

SECOND  TURBINE  WHEEL- 
//‘KEY  SWA  FTC 

/  /.FIRST  TURBINE  WHEEL7 
/  1 1  OIL  DETECTOR  RING  HUB 

/  .OIL  CCCECTOR  RING 
/  .  .  UPTER  BEARING  BUI 


-FORWARD 


TAPER  PIN 

ENGINE  FRAME  STRUT 
NUT 

STUD  TOR  UPPER  TURBINE  FRAME 
SPLIT  PIN 


BALL  RACE  FOR  ENGINE  STRUT 
BALL 


BALL  RACE  TOR  ENGINE  STRUT 
KEYS 

FORWARD  POPELLER  SHAFT 
AFTER  PROPELLER  SHAFT 
BUSHING 

GEAR  TOR  DRIVING  GYRO 


SHI  C  LO— ' 
BALL- 
RING— 
PIN- 

UrrtR  BALL  RACE  LOCK 

SPLIT  riN 
MIDDLE  BALL  RACE  LOCK- 

BUSH  I NQ 
MIDDLE  BEARING  RINQ- 
CLAMP  SCREW 

MIDDLE  BEARING  BALL  RACE- 
SPINDLE  CASING" 
KEY- 


TAPER  PIN 
NUT 

STUD  FOR  BOTTOM  FRAME 

SPLIT  TIN 


yv  \  \  BOTTOM  FRAME 

AFTER  BEARING  RING 
A  AFTER  BEARING  BALL  RACE 
v  WASHER 
DRIVING  nNION 
'BUSHING 
THRUST  WASHERS 
CEYS 

1 3 CHARGE  VALVE  STOr 

\\\\  \  OIL  CONNKTION  ' °'L-CMLTANK  TD  OIL  fRJMP 

\\\\  NIPPLE 

\  \  \  SUCTION  AND  DISCHARGE 
\\\  PLUG 

\  PLUNGER  BUSHING 
PIN 

.  \  PLUNGERS 
\x CONNECTING  ROO 
'  LOWER  BALL  RACE  LOCK 


DRIVING  riNION 
FORWARD  BEARING  RCTAINCr 
FORWARD  BEARING  RING- 
LOWER  BEARING  RING 
LOWER  BEARING  BALL  RACE 
LOWER  BEARING  RlN< 
WASHER 
WORM'' 
OIL  PUMP  STUD- 
OIL  CONNECTION  SLEEVE'' 
OIL  PUMP  BODY" 
Ol  L  CONNECTION  TD  TURPI NE=T 
SHAFT-*  COLLAR  “ 


WORM  WHEEL— 7 
SCREW  — 
SCREW 


% 

TURBINE  t  GEAR  TRAIN  -  SECTION 


-41- 


SyQKE_PRRYESXIO^ 

(Plates  14,15) 

12.  IMless  means  are  taken  to  pre¬ 
vent  it,  all  hot  running  torpedoes 
In  addition  to  the  wake  of  the 
bubbles  have  a  smoke  wake.  This  Is 
due  to  engine  oil  entering  the  ex¬ 
haust  and  being  partially  burned  by 
the  heat  or  the  gases.  It  is  desir¬ 
able  for  a  war  shot  to  render  the 
wake  of  a  torpedo  nearly  Invisible 
as  possible,  and  to  this  end  It  is 
necessary  that  all  engine  oil  be 
excluded  from  the  exhaust. 

13.  Underneath  the  turbine  and 
attached  to  the  top  engine  frame  Is 
a  sheet  motnl  pan  flared  at  Its 
periphery,  and  this,  with  the  hori¬ 
zontal  bulkhead,  serve  to  prevent 
the  splash  of  oil  from  the  gearing 
Into  the  exhaust  chamber,  and  also 
serves  to  check  the  circulation  of 
the  hot  exhaust  gases  In  the  after¬ 
body.  Also,  above  the  upper  turbine 
spindle  bearing  a  baffle  or  oil 
deflector  is  provided;  this  serves 
to  prevent  the  entry  of  oil  from 
this  bearing  to  the  exhaust  chamber. 

14.  With  the  splash  pan,  bulkhead 
and  spindle  baffle  collar  installed, 
the  wake  of  the  torpedo  Is  practi¬ 
cally  smokeless;  it  should  be  noted, 
however,  that  If  the  torpedo  Is 
rolled  over  In  preparation  for  a 
run  when  there  Is  much  loose  oil 
In  the  afterbody,  so  that  the  oil 
enters  the  exhaust  space,  the  tor¬ 
pedo  will  smoke  heavily  until  the 
oil  is  burned  up,  usually  in  three 
to  eight  minutes. 

giLING_STSTEM 

(Plates  17,24) 

15.  The  upper  turbine  spindle  is 
extended  below  the  engine  and  fitted 


with  a  right  hand  thread  to  which 
the  oil  pump  driving  worm  is  screwed. 
The  worm  meshes  with  a  worm  wheel 
carrying  two  cams  which,  through 
suitable  links,  drive  two  pump 
plungers.  The  pump  Is  thus  of  the 
single  acting  plunger  type.  Hall 
checks  are  used.  The  left  hand 
plunger  supplies  the  crosshead, 
and  the  right  hand  plunger  the 
turbine  spindle,  both  drawing  from 
a  common  suction  line.  Delivery 
from  the  pump  chambers  is  through 
ports  drilled  In  the  oil  pump  body. 

16.  Delivery  to  the  turbine 
spindle  bearings  is  through  the 
center  of  the  Inner  spindle.  Since 
this  Is  a  revolving  member  suitable 
connection  must  be  made  to  the  oil 
pump  body.  This  Is  by  means  of  a 
nipple  having  a  spherical  portion 
at  its  lower  end,  and  a  cylindrical 
portion  at  Its  upper  end.  The 
spherical  portion  Is  a  lap  fit  In 
the  oil  pump  body,  and  the  cylin¬ 
drical  portion  Is  a  lap  fit  In  a 
sleeve,  the  outer  circumference  of 
which  is  lapped  into  the  lower  end 
of  the  Inner  turbine  spindle.  Suit 
able  oil  holes  through  the  spindle 
convey  the  oil  to  the  various  bear 
lngs. 

17.  011  to  the  crosshead  Is  con 
veyed  through  the  center  of  this 
member  and  distributed  by  means  of 
suitable  openings. 

mmi.sism 

(Plates  15,19) 

18.  The  exhaust  system  Is  devised 
to  carry  off  the  turbine  gases  with 
the  least  back  pressure  and  with 
least  circulation  through  the  after¬ 
body.  The  system  consists  of  a 
semi-closed  chamber  above  the  tur¬ 
bines,  two  exhaust  tubes  leading 
aft.  Into  the  after  bulkhead,  two 
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exhaust  valves  seating  on  the  after 
bulkhead,  and  hollow  propeller 
sleeves  with  escape  holes  in  their 
sides,  and  through  which  the  gas 
is  conducted  abaft  the  propellers. 

19.  The  turbine  exhaust  chamber 
is  formed  within  the  afterbody  shell 
by  a  vertical  and  horizontal  bulk* 
head,  which,  supplemented  by  the 
splash  pan  below  the  turbines,  and 
the  turbine  bulkhead,  forms  a  serai  - 
tight  chamber.  . 

20.  The  exhaust  tubes  are  tele¬ 
scoped  over  short  sleeves,  with 
flanged  collars,  attached  to  the 
vertical  bulkhead  with  screws.  The 
after  end  of  each  tube  is  slipped 
Into  suitable  openings  in  the  after 
bulkhead  and  held  in  place  by  roll¬ 
ing  a  beaded  projection  into  a 
recess  cut  around  opening.  By 
removing  the  flanged  sleeves  and 
prying  under  the  beaded  ends,  the 
tubes  may  be  withdrawn  from  the 
afterbody. 

21.  The  two  exhaust  valves  are 
identical  and  are  carried  in  a 
bracket  secured  to  the  after  bulk¬ 
head  by  studs.  The  valves  are  of 
monel  metal  and  have  beveled  seats 
lapped  into  seats  on  the  after  bulk¬ 
head.  The  valve  stems  slide  in 
reamed  holes  in  the  bracket  and  are 
held  up  on  their  seats  by  springs  of 
heat  treated  stainless  steel.  The 
springs  hold  the  valves  on  their 
seats  until  opened  by  exhaust  gas 
pressure,  which  at  the  valve,  is 
about  one  pound  four  ounces  above 
the  depth  head. 

(Plates  19,24) 

22.  The  drive  from  the  engine  to 
the  propellers  is  conveyed  through 


the  propeller  shafts,  of  which 
there  are  two.  The  forward  pro¬ 
peller  shaft  is  tubular  in  form, 
passes  through  the  strut  and  is 
keyed  at  its  forward  end  to  the 
after  bevel  gear.  A  self-aligning 
ball  thrust  bearing  is  interposed 
between  this  gear  and  the  crosshead. 
A  collar  is  turned  on  the  shaft  Just 
forward  of  the  strut  and  serves  as 
a  bearing  for  the  inner  race  of  the 
ball  bearing  in  the  strut.  This 
bearing  is  designed  to  carry  both 
radial  and  thrust  loads.  At  its 
after  end  this  shaft  is  supported 
in  a  bearing  in  the  after  bulkhead. 
Its  extreme  after  end  is  provided 
with  key ways  for  attachment  to  the 
forward  propeller  sleeve.  Both  the 
driving  torque  and  the  thrust  of  the 
forward  propeller  are  carried 
through  this  shaft,  the  latter  being 
partially  resisted  by  the  tendency 
of  the  bevel  gear  and  pinion  to 
separate  under  the  driving  load. 
The  thrust  of  the  propeller  is 
somewhat  the  greater,  and  this 
difference  in  the  forces  is  carried 
by  the  ball  bearing  to  the  crosshead 
and  by  it  to  the  engine  frame  and 
thence  to  the  turbine  bulkhead.  The 
shaft  has,  Just  aft  the  strut,  a 
spur  pinion  integral  with  it,  for 
driving  both  the  governor  gear  and 
the  gyro  mechanism. 

23.  The  after  propeller  shaft  is 
solid  and  is  mounted  within  tiie 
forward  propeller  shaft.  At  the 
crosshead  it  runs  in  a  floating 
bronze  bushing.  At  its  forward 
end  it  is  keyed  to  the  forward  bevel 
gear.  Interposed  between  the  for¬ 
ward  bevel  gear  and  a  collar  on  the 
shaft  at  this  point  and  the  turbine 
spindle  casing  is  a  ball  bearing 
thrust  washer.  The  after  end  of 
the  after  propeller  shaft  is  sup¬ 
ported  in  a  bronze  bushing  between 
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lt  and  the  forward  propeller  shaft. 
Its  extreme  after  end  Is  provided 
with  keyways  for  attaching  to  the 
after  propeller  sleeve,  and  a  nut 
for  securing  the  sleeve.  The  driv¬ 
ing  torque  and  thrust  of  the  after 
propeller  are  carried  through  this 
shaft;  this  thrust  in  addition  to 
the  tendency  to  separate  between  the 
forward  bevel  gear  and  the  pinions, 
Is  taken  by  the  ball  thrust  washer 
and  carried  by  It  to  the  spindle 
casing.  Thus  the  thrust  of  the  after 
propeller  is  taken  by  the  spindle 
caning  and  carried  by  It  to  the 
turbine  bulkhead,  through  the  engine 
frames. 

24.  Due  to  the  double  shaft  con¬ 
struction,  there  Is  an  unavoidable 
tendency  for  water  to  leak  into  the 
afterbody  between  the  two  shafts  at 
the  end  of  the  run  and  prior  to  be¬ 
ing  recovered.  To  prevent  such  leak¬ 
age  the  forward  propeller  shaft  Is 
packed  with  a  flanged  felt  washer 
set  up  by  a  follower  nut  screwed 
Into  the  after  bulkhead.  This  nut 
has  a  left  hand  thread  In  order  that 
the  direction  of  turning  of  the 
shaft  will  not  tend  to  unscrew  It. 
The  after  propeller  sleeve  carries  a 
brass  grease  packing  ring.  This  Is 
prevented  from  backing  from  Its 
assembled  position  by  means  of  two 
screws  through  the  forward  propeller 
sleeve.  The  after  propeller  shaft 
has  a  hole  drilled  from  Its  after 
end  and  Joined  by  four  radial  holes 
communicating  with  the  propeller 
shaft  bushing,  then  through  this 
bushing  to  the  outer  shaft  and 
finally  through  the  outer  shaft  to 
the  after  bearing.  Thus,  when 
grease  Is  forced  Into  the  after  end 
of  the  propeller  shaft,  It  thoroughly 
grease  packs  the  two  shafts  and 
after  bearing.  The  hole  In  the 
propeller  shaft  Is  closed  by  a 
threaded  plug. 


PRQFELLER.SIEEVES 

(Plate  19) 

25.  The  propeller  sleeves  are 
short  shafts  connecting  to  the  pro¬ 
peller  shafts  and  carrying  the  pro¬ 
pellers.  They  are  mounted  In  the 
tall  and  are  separated  from  the 
torpedo  when  the  tall  Is  removed. 

26*  The  forward  propeller  sleeve 
Is  tubular  In  form  and  connects  at 
Its  forward  end  with  the  forward 
propeller  shaft  by  means  of  keys 
fitting  the  keyways  In  the  latter. 
A  neat  slip  fit  Is  provided.  The 
sleeve  Is  pinned  to  the  propeller 
shaft  to  prevent  slipping.  its 
after  end  Is  supported  In  a  bronze 
bearing  secured  to  the  after  end  of 
the  tall  cone.  On  Its  extreme  after 
end  Is  mounted  the  forward  propeller. 
This  sleeve  has  a  shoulder  forward 
of  the  tall  cone  bearing.  There  Is 
no  thrust  contact  between  this 
shoulder  and  the  tall  cone  bearing. 
A  considerable  degree  of  longi¬ 
tudinal  play  (fl25  minimum)  being 
provided  for  this  sleeve  in  order 
that  the  expansion  of  the  forward 
propeller  shaft,  due  to  temperature 
In  the  afterbody,  may  not  bind  the 
bearings.  The  towing  drag  Is  taken 
up  by  the  ball  thrust  hearing  in 
the  strut,  the  forward  propeller 
sleeve  being  fixed  on  the  forward 
propeller  shaft  by  4  pins  engaging 
In  holes  In  the  shaft.  These  pins 
are  riveted  on  extension  clips  which 
In  turn  screw  to  the  sleeve  by  set 
screws . 

27.  The  after  propeller  sleeve  Is 
also  tubular  In  form  and  at  its 
forward  end  Is  secured  the  after 
propeller  shaft  by  means  of  keys 
(the  fit  being  similar  to  that  of 
the  forward  sleeve)  and  a  nut  on  the 
threaded  end  of  the  latter.  Near 
Its  after  end  it  carries  a  bronze 
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bear  lng  in  the  form  of  four  separate 
bushings,  interposed  between  it  and 
the  forward  propeller  sleeve.  At 
its  extreme  after  end  it  carries  the 
after  propeller. 

2fi.  A  considerable  space  is  provid¬ 
ed  between  these  sleeves  within  the 
tall  cone,  and  in  addition,  each 
sleeve  has  a  series  of  large  holes. 
This  construction  Is  for  the  purpose 
of  permitting  the  escape  of  exhaust 
gases  from  the  Interior  of  the  tall 
cone  to  the  Interior  of  the  af*er 
propeller  sleeve,  and  thus  to  the 
sea . 

E&OfBLLSBS .AND .HUBS 

(Plate  19) 

29.  The  propellers  are  of  forged 
steel  and  are  four  bladed.  The 
forward  propeller  has  a  diameter  of 
16P0  and  a  pitch  of  30f0  L-H.  The 


after  propeller  has  a  diameter 
of  14P376  and  a  pitch  of  29T5  R-H- 

30.  Each  propeller  has  a  steep 
taper  hole  in  the  central  body  which 
fits  a  corresponding  taper  on  the 
propeller  hub  to  which  it  is  also 
keyed.  The  propeller  hub  fits 
neatly  over  the  rear  end  of  the 
propeller  sleeve  and  Is  keyed 
thereto,  with  one  key.  The  hub 
Is  slotted  through  one  side. 
The  p*fopeller  hub  and  propeller 
sleeve  are  locked  together  by 
means  of  a  nut  screwed  to  the 
propeller  sleeve  and  forcing 
the  propeller  on  the  taper  of 
the  hub.  By  virtue  of  the  slot 
In  the  hub  the  latter  Is  forced 
tightly  to  the  propeller  sleeve. 
The  nut  Is  locked  from  unturn- 
lng  by  means  of  two  keep  screws 
partially  In  the  nut  and  partiallyln 
the  body  of  the  propeller. 


CHAPTER  V 


THE  STARTING  GEAR  AND  Q3VERN0R 

Starting  Gear 
Governor 
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CHArTRR  V 


SIARTIHG.GRAR 

(Plates  25,26) 

1.  The  starting  gear  controls  the 
following: 

(a)  Starting  of  the  torpedo. 

(b)  Cut  off  by  manual  opera¬ 
tion  of  starting  spindle. 

The  starting  gear  used  in  the 
Mark  13  torpedo  Is  different  from 
that  used  in  previous  types  of 
aircraft  torpedoes. 

2.  Located  at  the  top  centerline 
of  the  afterbody,  abaft  the  gyro 
mechanism,  Is  an  Irregular  bronze 
casting  (starting  gear  body I  secured 
to  a  bronze  ring  riveted  and  sweated 
to  the  shell  of  the  afterbody  and 
made  watertight  by  a  sheet  packing 
gasket  and  containing  the  starting 
mechanisms . 

3.  The  starting  gear  Is  composed 
of  the  following  essential  parts; 
Starting  gear  body,  starting  spindle 
arm,  starting  spindle  and  head, 
connecting  lever  and  catch,  unlock¬ 
ing  lever,  Index  spindle  and  trip 
cam,  starting  piston  and  spring,  and 
starting  valve  body. 

4.  There  are  three  openings 
through  the  starting  gear  body  Into 
the  afterbody  which  requires  sealing 
against  leakage  of  sea  water,  viz., 
the  Index  spindle,  starting  spindle, 
and  starting  piston  body. 

5.  The  Index  spindle  Is  made 


tight  bj  a  leather  washer  held  In 
place  by  a  brass  packing  ring  secur¬ 
ed  by  three  screws  to  the  starting 
gear  body.  The  starting  spindle 
Is  made  tight  by  a  lapped  fit  In  the 
starting  gear  body.  The  starting 
piston  body  Is  made  tight  on  the 
starting  gear  body  by  a  leather 
washer  and  nut. 

f».  The  starting  spindle  arm  is 
contained  In  a  long  1 tud lna 1  recess 
machined  on  the  outer  face  of  the 
starting  gear  body,  the  forward  end 
being  pivoted  In  this  recess.  A 
slotted  eye  Is  machined  on  the  after 
end  of  the  starting  spindle  arm  in 
which  Is  fitted  a  cam  toggle  between 
It  and  the  forked  bracket  on  the 
after  end  of  the  starting  go  ar  body. 
This  cam  toggle  Is  permanently 
secured  to  the  firing  latch  lanyard 
and  remains  attached  to  this  lanyard 
upon  release  of  a  torpedo  from  the 
plane. 

A  forked  bracket  Is  secured 
on  the  starting  gear  on  the  after 
side  of  and  In  line  with  the  start¬ 
ing  spindle  arm,  and  the  after  end 
of  the  starting  spindle  arm  Is  mach¬ 
ined  with  a  similar  forked  projec¬ 
tion;  pins  for  cam  slots  In  toggle 
being  Inserted  in  the  forked  bracket 
and  forked  projection  on  the  spindle 
arm. 

The  toggle  is  of  suitable 
dimensions  for  insertion  In  forked 
bracket  and  forked  projection  on 
the  after  end  of  the  spindle  arms, 
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cam  slots  being  machined  on  the  can 
toggle  to  fit  pins  in  the  bracket 
and  spindle  arm.  These  cam  slots 
are  contoured  to  permit  the  inser¬ 
tion  of  toggle  only  when  the  spindle 
is  In  Its  extreme  out  pos Ition, after 
which  by  turning  the  starting  index 
spindle  until  the  starting  piston 
is  seated,  the  starting  spindle  arm 
will  lock  in  its  down  (flush)  posi¬ 
tion  and  thus,  due  to  relative  posi¬ 
tion  of  cam  slots  on  pins  of  spindle 
arm  and  bracket,  lock  the  toggle  in 
position  for  firing. 

l/pon  release  of  torpedo,  the 
forward  end  of  the  toggle  being 
secured  to  the  firing  latch  lanyard, 
will,  through  engagement  with  the 
starting  spindle  arm,  pull  its  after 
end  out  in  a  manner  similar  to  that 
of  the  breaking  link  thereby  causing 
the  starting  gear  to  operate  (see 
paragraph  10),  after  which  the  cam 
slots  in  toggle  disengage  the  pins 
in  the  starting  gear,  separating 
toggle  from  starting  gear. 

The  cam  toggle  attachment 
requires  at  least  10  lbs.  pull  to 
lift  the  starting  spindle  arm  with 
1500  lbs.  of  air  in  the  flask. 

CAUTION:  The  toggle  must  be  install¬ 
ed  with  the  stop  valve  closed  Prior 
to  final  adj  ustment  of  torpedo  for 
firing.  Joggles  should  be  used  only 
in  torpedoes  to  which  they  are  fitted. 

7.  The  upper  end  of  the  starting 
spindle  is  suitably  machined  for 
passing  through  a  slot  in  the  start¬ 
ing  spindle  arm, to  which  it  is  Join¬ 
ed  by  a  pin,  the  hole  in  the  start¬ 
ing  spindle  being  elongated  to 
permit  the  starting  spindle  arm  to 
drop  back  into  its  recess  after  the 
torpedo  is  launched.  The  starting 
spindle  passes  through  a  lapped 


vertical  bearing  in  the  starting 
gear  body  and  carries  on  its  lower 
end  a  starting  spindle  head  machined 
with  shoulders  for  engaging  the  end 
of  the  connecting  lever  and  catch. 
A  spring  connecting  between  an  eye 
on  the  lower  end  of  this  head  and 
spring  post  attached  to  the  frame 
tends  to  keep  the  connecting  lever 
catch  against  a  notch  in  the  unlock¬ 
ing  lever.  The  connecting  lever  and 
catch  is  pinned  to  a  small  shaft 
passing  through  a  transverse  bearing 
in  the  starting  gear  body,  the  valve 
lever  being  attached  to  the  other 
end  of  this  shaft  and  so  located 
that  its  end  is  directly  under  the 
starting  piston  stem. 

8.  The  unlocking  lever  is  pivoted 
to  the  starting  gear  body,  its  upper 
end  being  notched  and  resting 
against  the  rear  end  of  the  connect¬ 
ing  lever  catch.  A  tension  spring 
tends  to  draw  tne  parts  into  engage¬ 
ment. 

9.  There  are  two  pipes  connecting 
to-  the  starting  gear.  One  of  these 
is  a  lead  from  the  top  of  the  start¬ 
ing  valve  to  the  top  of  the  starting 
piston  and  the  other  is  a  lead  from 
the  lower  side  of  the  starting 
piston  valve  seat  to  the  low  pres¬ 
sure  side  of  the  reducing  valve.  The 
starting  piston  is  thus  in  effect 
a  valve  between  the  top  of  the 
starting  valve  and  the  low  pressure 
side  of  the  reducing  valve  which 
permits  of  complete  control  of  the 
starting  valve  and  thus  the  starting 
and  stopping  of  the  torpedo,  by 
suitable  manipulation  of  the  start¬ 
ing  piston. 

10.  The  operation  of  the  starting 
gear  is  as  follows:  The  starting 
spindle  is  normally  held  in  its 
lower  position  by  the  starting 
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splndle  head  spring.  In  this  posi¬ 
tion  the  valve  lift  Is  at  Its  lowest 
point, the  starting  piston  Is  closed, 
and  the  escape  of  air  from  above  the 
main  starting  valve  Is  prevented. 
When  the  torpedo  Is  released,  the 
cam  toggle  attachment  lifts  the 
after  end  of  the  starting  spindle 
arm  out  of  Its  recess,  moving  the 
starting  spindle  and  head  upward, 
thus  raising  the  forward  end  of  the 
connecting  lever.  This  causes  the 
valve  lever  to  raise  the  starting 
piston  off  Its  seat  and  allows  the 
air  to  exhaus t  from  above  the  main 
starting  valve  permitting  it  to 
open  and  start  the  torpedo.  At  the 
same  time,  the  catch  on  the  end  of 
the  connecting  lever  engages  In  the 
notch  on  the  unlocking  lever  and 
locks  It  In  position,  thus  holding 
the  starting  piston  open. 

11.  To  provide  a  means  of  stopping 
tho  torpedo  on  desk  and  for  reset¬ 
ting  the  starting  gear  after  a  run, 
an  unlocking  cam  is  mounted  on  the 


Index  spindle  In  such  a  position 
that, If  the  Index  spindle  Is  rotated, 

the  unlocking  cam  will  engage  the 
unlocking  lever  and  force  It  back. 
This  allows  the  connecting  lever  and 
catch,  and  consequently  the  starting 
spindle  and  head,  to  resume  their 
previous  positions  and  allows  the 
starting  valve  to  seat  under  the 
action  of  the  air  pressure  aided 
by  the  spring,  or  by  the  spring 
alone.  The  upper  end  of  tho  Index 
spindle  Is  provided  with  a  flange 
stamped  with  an  arrow  showing  the 
direction  of  rotation  and  a  small 
head  squared  to  receive  a  setting 
tool, by  means  of  which  It  may  be 
rotated. 

CCYBBNQB.GBAB 

12.  The  governor  which  was  used  on 
the  Mark  13  torpedoes  as  a  safety 
device  to  stop  the  torpedo  when  the 
engine  exceeded  Its  maximum  r.p.ra. 
has  been  discontinued  in  the  Mark  13 
modification  torpedoes , therefore  no 
description  of  the  gear  is  necessary. 


DIAGRAM  OF  STARTING 


PLATE  56 
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CHAPTER  VI 

THE  DEPTH  CONTROL  MECHANISM 

(Plates  27,  28,  29,  30) 


5!neral_dbscription 

1.  The  depth  control  ( immersion) 
mechanism  has  for  Its  sole  function 
the  maintaining  of  the  torpedo  at 
the  desired  depth  below  the  surface 
of  the  water  while  running. 

2.  Its  function  is  accomplished, 
In  the  Hark  13  torpedo,  by  two  hori¬ 
zontal  rudders  acting  as  one  and 
located  on  each  side  of  the  torpedo 
Just  abaft  the  propellers  and  In 
line  with  the  horizontal  tail  vanes. 
These  rudders  are  connected  by  means 
of  lever  arms , rudf  »r  arms  and  rudder 
posts  to  the  rudder  yoke  In  the 
tail. 

3.  In  the  Mark  13  modification 
torpedoes  the  horizontal  rudders  are 
mounted  in  bearings  on  the  after  end 
of  the  horizontal  tail  vanes,  Just 
forward  of  the  propellers , wl th  their 
inner  ends  secured  to  the  rudder 
yoke  in  the  tall. 

4.  The  rudder  yoke  in  turn  is 
connected  to  an  adjustable  exten¬ 
sion;  the  forward  part  of  this 
extension,  called  the  rudder  con¬ 
nection,  passes  through  a  stuffing 
box  in  the  afterbody  bulkhead,  being 
made  watertight  by  3/16  round  pack¬ 
ing  and  a  suitable  gland.  Inside  the 
afterbody,  connected  at  one  end  to 
the  rudder  connection  and  at  the 
other  end  to  the  depth  engine  piston 
fork  is  the  steel  rudder  rod  which 
completes  the  steering  line. 


5.  The  piston  of  the  horizontal 
steering  engine  is  operated  by  air 
at  reduced  pressure,  and  is  con¬ 
trolled  by  a  very  sensitive  valve 
located  inside  the  piston.  This 
valve  is  connected  by  means  of  a 
system  of  levers  to  the  pendulum  of 
the  immersion  mechanism  and  the 
pendulum  in  turn  is  connected  to  the 
lower  depth  spring  socket  by  inter¬ 
connected  levers  and  links.  As  thus 
connected,  the  pendulum,  depth 
spring  socket,  and  horizontal  steer¬ 
ing  engine  valve  move  simultaneously. 
Motion  of  the  valve  may  be  produced 
by  the  pendulum  when  the  torpedo 
inclines  from  the  horizontal,  or  by 
the  lower  depth  spring  socket 
(hydro-diaphragm,  and  diaphragm 
lever)  when  the  torpedo  is  off  set 
depth,  or  by  both  in  combination;  in 
any  case,  the  pendulum  and  lower 
depth  spring  socket  ( hydro -diaphragm) 
move  together,  each  exercising  a 
modifying  effect  upon  the  other. This 
latter  is  the  Uhlan  principle,  which 
is  now  installed  in  all  the  later 
Marks  and  modifications  of  service 
torpedoes . 

6.  The  diaphragm, diaphragm  lever, 
and  lower  depth  spring  socket,  are 
acted  upon  by  pressure  of  the  sea 
water  while  the  torpedo  is  running. 
The  diaphragm  is  held  against  this 
sea  water  pressure  by  the  depth 
spring,  connected  to  the  lower  depth 
spring  socket,  plus  atmospheric 
pressure  in  a  pressure  tight  air 
chamber.  Since  the  pressure  in  the 
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air  chamber  16  constant  for  all 
practical  purposes,  the  depth  spring 
loading  controls  the  running  depth 
of  the  torpedo.  The  pendulum  is 
acted  upon  by  gravity  and  serves  to 
limit  the  angle  of  inclination  at 
which  the  torpedo  may  seek  set  depth 
and  at  the  same  time  tends  tosteadv 
the  torpedo  when  at  set  depth. 

7.  The  immersion  mechanism  is 
assembled  on  the  same  removable  base 
as  the  gyro  mechanism  and  is  there¬ 
fore  removed  from  the  afterbody  with 
the  gyro  mechanism. 

mE_IMMEaSIO^_GEAB_BASE 

(Plates  32,  33) 

B.  As  above  stated,  the  gyro 
mechanism  and  the  immersion  mechan¬ 
isms  are  both  contained  on  the  same 
base,  which  is  a  large  bronze  cast¬ 
ing  fastened  by  holding  screws  to  a 
frame  riveted  and  sweated  to  the 
bottom  of  the  afterbody  shell,  a 
gasket  being  fitted  between  thebase 
and  frame  to  make  this  Joint  water¬ 
tight. 

9.  The  inner  surface  of  the 
mechanism  is  tinned  as  necessary 
to  enable  it  to  withstand  an  exter¬ 
nal  hydraulic  pressure  of  i35pounds 
per  square  inch  without  leakage. 
The  immersion  mechanism  is  installed 
on  the  forward  end  of  the  base  and 
the  gyro  mechanism  on  the  after 

nd.  The  base  is  provided  with 
necessary  access  openings  for  the 
various  units  of  the  gyro  an d 
immersion  mechanisms. 

IHE-IfcfiOSIQlLCASItiG 

(Plates  27,29,30) 

10.  This  unit  is  a  bronze  casting 
secured  to  the  forward  end  of  the 
gyro  and  immersion  mechanism  base 
by  suitable  studs  and  nuts  with  a 


gasket  between.  Its  lower  section 
is  hollow,  it  is  open  to  sea  water 
and  contains  the  hydro-control 
elements.  The  upper  section  branches 
in  two  arms,  the  ends  of  which 
are  fitted  with  knife  edge  bearings 
for  the  pendulum.  The  starboard 
arm  is  directly  under  the  depth 
setting  spindle  and  carries  the 
depth  setting  spindle  socket, spindle 
and  gear.  The  depth  setting  gear 
on  the  Jower  end  of  the  spindle 
meshes  with  an  idler  gear  carried  on 
a  pin  pressed  into  the  immersion 
gear  casing  and  in  turn  meshes  with 
the  gear  that  is  the  head  of  the 
adjusting  screw.  connect ionsare 
made  from  the  interior  of  the  Iraner- 
sion  casing  to  the  interior  of  the 
afterbody,  one  where  the  spring 
adjusting  screw  comes  through  at 
the  top  of  the  casing  and  one  where 
the  diaphragm  lever  shaft  passes 
through  near  the  bottom  ofthe 
casing.  Both  of  these  openings ar* 
lapped  with  the  parts  which  pass 
through.  There  is  no  packing  at 
these  points,  but  due  to  the  lap 
fits  the  Joints  are  practically 
water-tight. 

IHE-EEMDUlUli 

(Plates  23,29,30) 

11.  The  pendulum  is  a  heavy  hronte 
casting  suspended  on  knife  .*dgc 
bearings  from  the  arms  of  th*» 
s ion  casing.  The  base  of  the  rendu 
lum  encircling  the  lran.ers ion  casing 
is  countered  to  prevent  interference 
with  the  spinning  and  unlocking 
mechanism  and  is  ballasted  with  lend 
to  bbtaln  the  necessary  power  and 
smoothness  for  effective  control cf 
the  depth  rudders.  The  extended 
after  portions  of  the  pendulum  base 
are  Joined  by  a  steel  member  secured 
with  screws  to  the  pendulum.  The 
upper  face  of  this  member  Is  milled 
out  to  give  clearance  around  the 


PLATE  27 


SPRING  ADJUSTING 
SCREW  HEAD 


0 


PENDULUM 


SPINDLE 

SPRINC  ADJUSTING _ — - 

SPINDLE  GEAR 

WATER  INLET  NIPPLE - 

IMMERSION  GEAR  CASING - 

SPRING  ADJUSTING  SCREW - 

DEPTH  SPRINC  SOCKET - — 

SPRING  GUIDE  5LOT(nc*swc) 
DEPTH  SPRING - 

TRANSPORTATION  SCREW - 

DIAPHRAGM  LEVER 

DIAPHRAGM  RING  - 

GYRO  &.  IMMERSION 
MECHANISM  BASE - 


DIAGRAMMATIC  VIEW  OF 


IMMERSION  MECHANISM 


PLATE  28 


PENDULUM  LINK 


LINKAGE  ADJ.  SCREW 


TENSION  ROD  f  SPRING* 

_ _ m 

UP  RUDDER  POSITION 
OF  PENDULUM 


DIAPHRAGM  LEVER'S-^ 
TOB-CL  E.AR  ANCE^b^^S. 


UP  RUDDER  POSITION 
OF  DIAPHRAGM 


.era 


m 


-VALVE  OPERATING  LEVER 
/DEPTH  ENGINE 


RUDDER  ADJ.  ROD  EYE 
STUFFING  BOX  \ 


UP  RUDDER  POSITION 
OF  VALVE  STEM 


RUDDER  ROD 


-  PENDULUM  LEVER 

MK 13,  .281 

'DIAPMRACM 

AIR  CHAMBER.  ^nmsJ 


UP  RUDDER 


x RUDDER  ADJ.  ROD 

'CLAMP  SCREW  FOR 
RUDDER  ADJ.  ROD 

RUDDER  ROD  CONNECTION 


IMMERSION  GEAR  CASING 
LEAD  BALLAST 
PENDULUM 


DOWN  RUDDER  PQ5ITI0N 
OF  PENDULUM— - 


015-CLEARANCE 

room 

-  ooo  t 


DOWN  RUDDER  POSITION 
OF  DIAPHRAGM 


SECTION  THRU  PENDULUM  SHOWING  STOPS 


DOWN  RUDDER 


DOWN  RUDDER  POSITION 
OF  VALVE  STEM 


& 


GRADUATED  RUDDER  SCALE  ON  TAIL 

(RUDDER  SHOWN  IN  NEUTRAL  POSITION) 

MOTE  >  READ  UPPER  EDGE  OT  RUDDER  TO  LINE  UP  WITH  GRADUATIONS 


DIAGRAM  OF  DEPTH  GEAR 


SCREW 
-TAPER  PIN 


COTTER  PIN  - 
PENDULUM  LINK  PIN  - 
EYE  CONNECTION 
WASHER - 


PIN  \ 
SPLIT  PIN  I  ? 

CLAMP  SCttW, 
SCREW 
ADJUSTING  NUT 


1  VALVE  CONN  ROD 


KNIFE  EDGE  SEARING  CAP 
PENOULUM  LINK 
PIN 

TAPER  PIN 
COTTER  PIN 
SHOCK  A&SCR6ER  PIATC  PTiCT 


^COTTER  PIN 
COTTER  PIN 
/PENOULUM  LEVER 
X  ,  BUFFER  CONNECTION 
.  '//VALVE  LEVER 
/  COTTER  PIN 
(y  VALVE  LEVER  PIVOT 
If/  .VALVE  LEVER  CONNECT! 
ilfVCLAMP  SCREW 
BLOCKING  FORK 
-  DRIVING  PAWL 
PIN 

SPLIT  PIN -\J/f 
-WASHER  yV) 


5ET  SCREW 
KNIFE  EDGE  BEAftIN 


RETAINER  PLATE 
SCREW 
CASING- 


PENDULUM¬ 
SPRING  ADJ  SPINDLE- 
IDLER  GEAR  FLANGE  - 
IDLER  GEAR  - 
IDLER  GEAR  PIVOT  — 
RIVET — - 
SPINDLE  GEAR  — 
NUT- 
COTTER  PIN  — 
IDLER  GEAR  FLANGE¬ 
SPRING  ADJ  SCREW - 
DEPTH  SPRING  SOCKET 
SPRING  GUIDE- 
BALLAST— 
DEPTH  SPRING  — 

ROLLER  GUIDE - 

COTTER  PIN- 
ROLLER  PIVOT- 
WASH  ER- 
ROLLER— 
PIN  — 

GASKET - 

DEPTH  SPRING  SOCKET 
TRANSPORTATION  - 
SCREW - <r- 

DIAPHRAGM  RING^ 


PISTON  PLUG 


•Va,  .  iU  PENDULUM  SCREW - 

ffrW  J/T^ PLATE  ADJUSTING  SCREW 
JP'//  SPRING  BUTTON - - - _ 

iWSJE* COTTER  PIN 

^  NUT - 

BUFFER  SPRING  - — _ _ 

- PENDULUM  TENSION  ROD 

PIVOT - 

SCREW- - 

DIAPHRAGM  LEVER  SHAFT - ___ 

DIAPHRAGM  LEVER 

SCREW r 
-TAPER  PIN  L.1- 

//—-SCREW 

- NUT  . 

^ — -gasket  pin  m 

— l - STUD  SCREW  *  i  I'TL 

DIAPHRAGM  -  -  - 


STUD 


WASHER 
DIAPHRAGM  PLATE 


WASHER 


PLUG 


ADJUSTING  SCREW  HEAD 
KEY 


PENDULUM  (AFTER  SECTION) 

BRACKET 

SPRING  POPPET 

SPRING 

CHECK  PAWL 

STUD 

SPLIT  PIN 

WORM  WHEEL  U  ECCENTRIC  POST 
WASHER 

WORM  WHEEL  &  ECCENTRIC 
ECCENTRIC  STRAP 
WASHER 
NUT 

LOCKING  GEAR  SHAFT 
RATCHET 

DRIVING  PAWL  STUD 
SPRING 

SPRING  POPPET 


^PAWL  CARRIER 
/^-CLAMP  SCREW 
PIN 

///^  SCREW 

PISTON  STOP  PLUG 
////>-  GLAND 
////^-CYLINDER  STUFFING 
////C- PACKING 
/  fr*  'N 
7/  /  PISTON  RING - v 


BOX 


SLIDE 


PIECE 


-CYLINDER  HEAD 

-GLAND 

-PISTON 

"PISTON  FORK 

-PIN 

-LOCK 

CLAMP  SCREW 
-HORIZONTAL  STEERING 
ENGINE  CYLINDER 


SCREW 

PACKING 

WASHER 

VALVE 

HOLDING  SCREW 

SCREW 

STOP 

BELL  CRANK 


AIR  CHAMBER 

MK.  I3H  IMMERSION  MECHANISM  -  GENERAL  ARRANGEMENT 


LOCKING 
LOCKING  SLIDE 
CLAMP  SCREW 
LOCKING  SLIDE  ADJUSTING 
\\VCAM  1  COUPLING 
v\> SPLIT  PIN 

/-SCREW 
SCREW 
DOWEL 
V^STUD 

^STUFFING  BOX  GLAND 
FOLLOWER  NUT 
\N^>- LOCKING  PLATE 
v  W PACKING 
\  -STUFFING  BOX 
V- LOCKING  GEAR  INDEX  STEM 
-COTTER  PIN 


GUIDE 


-55- 


impulse  rotor.  In  the  upper  ends  of 
the  pendulum  arms  are  bushings,  also 
called  knife  edge  bearings.  These 
bushings,  or  knife  edge  bearings, 
are  locked  in  place  by  set  screws 
and  have  triangular  openings  which 
fit  over  the  knife  edge  bearings 
which  project  from  the  immersion 
casing  arms.  In  the  Mark  13  torpedo, 
the  maximum  swing  of  the  pendulum 
from  its  vertical  position  is  T281  * 
.000  -  .004  as  controlled  by  stops 
on  the  Immersion  casing;  whereas  in 
the  Mark  13-1  and  2  torpedoes,  the 
maximum  swing  is  decreased  to  »238  * 
•000  -  .004  in  order  to  effect 
proper  depth  control.  A  retainer 
plate  set  in  each  pendulum  arm  makes 
near  contact  with  the  under  side 
of  the  immersion  casing  knife  edge 
bearing  and  prevents  the  pendulum 
from  Jumping  or  pounding  excessively 
on  its  support.  This  clearance 
is  *005. 

12.  The  transportation,  or  center¬ 
ing  screw,  is  on  the  starboard  side 
of  the  immersion  gear  casing;  it  is 
inserted  from  outside  and  extends 
through  the  mechanism  base  and  into 
the  pendulum.  When  In  place,  this 
screw  securely  locks  the  pendulum 
in  mid-position.  By  locking  the 
pendulum  in  its  mid-position,  there 
is  provided  a  reference  point 
for  adjusting  the  valve  to  Its 
mid-position  and  the  diaphragm 
lever  to  its  mid-position.  Before 
firing,  the  transportation  screw 
is  removed  in  order  to  permit  the 
pendulum  to  swing  freely  when 
controlling  the  torpedo  during  the 
run.  The  replacement  screw  for 
the  transportation  screw  should  be 
set  up  against  its  copper  washer 
to  insure  water— tightness  of  this 
fitting. 

13.  Th*»  pendulum  may  be  subjected 
to  severe  sid«  forces  as  when  the 
plane  is  "crabbing"  at  the  time  of 


release  and  in  order  to  prevent 
damage  to  its  supports,  the  under 
side  of  the  pendulum  has  fore  and 
aft  guides  which  just  clear  rollers 
attached  to  the  immersion  casing. 
Normally  these  guides  do  not  make 
contact  with  the  rollers,  but  any 
heavy  side  forces  which  might  other¬ 
wise  cause  the  pendulum  to  lift  on 
its  suspensions  will  bring  one-of 
the  guides  against  its  mating  roller 
which  thus  absorbs  the  shock.  The 
clearance  between  guides  and  rollers 
is  such  that  contact  will  not  be 
made  until  the  torpedo  has  been 
slowly  heeled  about  45°. 
rollers  can  be  inspected  from  the 
side  of  the  mechaniam  and  should  be 
free  to  turn  on  their  pins.  They 
are  not  removable  and  are  of  case 
hardened  material. 

14  A  boss  is  cast  on  the  pendulum 
on  the  forward  inside  surface  where 
it  encircles  the  immersion  casing, 
and  the  steel  member  connecting 
the  after  ends  of  the  pendulum  is 
suitably  machined  for  making  contact 
with  bosses  on  the  immersion  casing 
and  thus  act  as  stops  for  the 
pendulum.  These  bosses  are  so 
machined  as  to  permit  a  movement  of 
*281  ♦  .000  -  .004  of  the  pendulum 
either  fore  or  aft  from  its  mid- 
position  in  the  Mark  13  torpedo  and 
*238  ♦  .000  -  .004  in  the  Mark  13-1 
and  2  torpedoes  These  stops  are 
therefore  fixed  permanently  and 
should  not  be  altered  so  long  as  the 
above  permissible  swing  is  obtained. 

(Plates  28,29,30) 

15  Concentric  with  and  beneath 
the  Immersion  casing  is  the  dia 

phragm  ring  which  Is  secured  to 
the  immersion  casing  by  screws.  The 
diaphragm  ring  carries  six  studs 
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which  are  used  to  fasten  the  air 
chamber  to  it.  The  air  chamber  is 
concentric  with  the  diaphragm  ring 
and  among  other  purposes  secures 
the  diaphragm  between  it  and  the 
diaphragm  ring.  The  air  chamber  Is 
a  circular  hollow  bronze  casting 
tinned  inside,  and  must  be  sealed 
air  and  water-tight.  Its  lower 
surface  conforms  to  the  afterbody 
exterior;  its  upper  face  is  surfaced 
for  the  diaphragm  and  with  a  central 
opening  which  is  closed  by  the  dia¬ 
phragm  and  its  connection  to  the 
depth  spring.  It  has  two  openings, 
one  for  the  diaphragm  and  one  for 
the  access  plug  for  the  depth  spring 
testing  weight.  These  openings  must 
be  kept  sealed  airtight  during  a  run 
to  maintain  the  atmospheric  pressure 
therein.  Clearance  around  the  side 
of  the  air  chamber  and  holes  drilled 
through  the  diaphragm  ring  afford 
sea  water  access  to  the  diaphragm 
and  interior  of  the  immersion  easily 
thereby  establishing  hydrostatic 
pressure  within  the  immersion  casing 
which  acts  upon  the  upper  face  of 
the  diaphragm.  The  air  chamber  is 
in  effect  completely  surrounded  by 
sea  water.  The  depth  spring  socket, 
and  adjusting  screw  are  thus  all 
immersed  in  sea  water  inside  the 
Immersion  casing  and  with  the  dia¬ 
phragm  and  air  chamber  are  kept 
isolated  from  the  effects  of  after¬ 
body  temperature  and  pressure.  This 
fact  produces  a  marked  superiority 
of  this  depth  gear  over  previous 
types. 

16.  The  diaphragm  is  of  oil 
resistant,  rubberized  fabric  clamped 
on  its  outer  edge  between  the  dia¬ 
phragm  ring  and  the  air  chamber.  Its 
center  is  clamped  between  the 
diaphragm  plate  in  the  air  chamber 
and  the  lower  depth  spring  socket 
flange  in  the  immersion  chamber. 
These  parts  on  each  side  of  the 


diaphragm  hold  it  rigidly  at  its 
center,  thereby  providing  the  neces¬ 
sary  connecting  movements  whereby 
the  unbalanced  forces  on  the  two 
sides  of  the  diaphragm  may  be  trans¬ 
ferred  to  the  pendulum  via  the 
interconnecting  linkage  and  thence 
to  the  depth  engine  valve.  The 
diaphragm  has  an  effective  area  of 
five  square  inches  and  a  very  limit¬ 
ed  movement  which  is  so  multiplied 
that  the  ratio  of  the  valve  movement 
to  diaphragm  movement  is  18  to  1. 
The  small  amount  of  free  diaphragm 
area  between  the  outer  and  inner 
supported  areas  gives  ample  flexi¬ 
bility  to  the  small  movement  requir¬ 
ed  up  to  50  feet  depth  setting. 

17.  The  lower  depth  spring  socket, 
the  depth  spring,  and  tho  upper 
depth  spring  socket  with  the  upper 
guide  are  assembled  as  a  unit,  all 
parts  being  screwed  and  lightly 
sweated  together.  They  should  not 
be  disassembled.  The  upper  depth 
spring  socket  is  threaded  internally 
for  the  adjusting  screw  and  has 
guide  arms  sweated  to  it  to  prevent 
its  turning  (hence  to  prevent  the 
depth  spring  turning)  when  the 
adjusting  screw  is  turned.  Tho 
lower  depth  spring  socket  is  slotted 
vertically  and  has  a  pivot  pin  to 
position  the  diaphragm  lever  In  the 
slot;  below  this  slot  is  the  flange 
against  which  the  diaphragm  is 
clamped.  The  lower  end  of  the  depth 
spring  socket  is  threaded  for  the 
clamping  nut  which  is  for  the  pur¬ 
pose  of  holding  the  diaphragm  plate 
against  the  .diaphragm  on  its  lower 
side.  This  clamp  nut  is  locked  by 
a  cotter  pin  and  its  lower  extremity 
is  tapped  to  receive  the  hook  rod 
for  the  testing  weight  which,  as 
will  be  seen  later,  is  for  the 
purpose  of  obtaining  the  proper 
setting  of  the  depth  index  wheel 
on  the  afterbody. 
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XHB_l>Bm_SBIlING_tiECHAliISM 

(Plate  29) 

18.  The  depth  setting  mechanism  is 
essentially  a  device  for  varying  the 
tension  of  the  depth  spring  to 
establish  a  desired  balance  for  the 
hydrostatic  pressure  at  running 
depth.  The  setting  is  indicated  on 
a  graduated  dial  called  the  index 
wheel,  which  surrounds  the  depth 
index  spindle  on  the  top  of  the 
afterbody 

19.  In  the  depth  setting  mechanism 
there  are  two  major  units;  the  depth 
index  casing  assembly, and  the  spring 
and  socket  assembly. 

20.  The  depth  index  casing  con¬ 
tains  all  the  parts  secured  to  the 
afterbody  shell  and  connections.  The 
casing  is  riveted  and  sweated  to  the 
afterbody  shell.  In  its  center  It 
carries  the  depth  index  spindle, 
square  on  its  outer  end  for  the 
setting  tool.  The  depth  index 
spindle  has  an  eccentric  machined 
on  Its  stem  upon  which  is  mounted, 
freely,  the  annular  index  spindle 
pinion  for  driving  the  depth  index. 
The  depth  index  spindle  passes 
through  a  stuffing  box  in  the  depth 
Index  casing  and  the  lower  end  is 
squared  to  fit  the  depth  setting 
sooket  extension.  A  spring  seat  is 
pinned  to  the  spindle  directly  under 
the  stuffing  box  gland. 

21.  Attached  loosely  to  the  lower 
end  of  the  depth  index  spindle  Is 
the  socket  extension  and  spring 
which  form  the  flexible  connection 
between  the  depth  setting  side  gear 
spindle  and  the  socket  attached  to 
the  spring  adjusting  spindle  on  the 
immersion  mechanism.  This  spring 
loaded  socket  extension  is  for  the 
purpose  of  facilitating  engagement 
of  the  depth  setting  swindles  refer¬ 


red  to  above  when  the  immersion 
mechanism  is  installed  in  the  after¬ 
body.  In  the  event  the  spring  socket 
extension  does  not  fully  engage  the 
socket  attached  to  the  top  of  the 
spring  adjusting  spindle  on  the 
Immersion  mechanism,  the  index 
spindle  at  the  top  of  the  afterbody 
should  be  turned  sufficiently  to 
make  such  engagement  possible. 
(This  should  not  be  in  excess  of 
1/8  turnj. 

22.  The  depth  index  spindle  and 
spring  socket  assembly  transfer  the 
movement  of  setting  the  depth  spring 
from  the  outside  of  the  afterbody  to 
the  Immersion  mechanism. 

23.  The  depth  index  wheel  is  a 
graduated  dial  which  takes  on  a 
reduced  motion  from  the  depth  Index 
spindle  through  a  system  of  plane¬ 
tary  gears. 

24.  In  the  Mark  13  and  modifica¬ 
tion  torpedoes  the  Index  wheol  is 
graduated  to  a  scale  which  is  based 
on  the  fact  that  a  16  lb.  downward 
pressure  on  the  diaphragm  would  be 
obtained  were  the  torpedo  at  a  depth 
of  10  feet.  In  the  Mark  13-1  torpe¬ 
does  from  register  no.  14S43  to 
register  no.  14614  a  10  lb.  weight 
is  used  for  a  10  foot  depth.  This, 
therefore,  is  the  reason  for  the  16 
lb.  and  10  lb.  weight  tests  which 
are  given  to  properly  s^t  the  depth 
Index  and  which  will  be  referred  to 
later. 

IMPORTANT  NOTES’--  The  depth  setting 
mechanism  should  never  be  set  below 
the  zero  mark  on  the  depth  index. 
Frequently  in  service  the  depth 
index  has  been  set  below  the  zero 
mark  causing  the  adjusting  screw  to 
Jam  or  be  improperly  positioned 
because  of  damage  to  the  lower 
washer  on  the  idler  gear,  probably 


resulting  in  a  tension  being  placed 
on  the  depth  spring  which  would 
cause  the  torpedo  to  run  at  a  depth 
varying  from  that  Indicated 

If  the  depth  index  is  turned 
below  the  zero  mark  the  adjusting 
screw  tends  to  rise,  lifting  the 
idler  gear  assembly  with  it.  The 
depth  setting  gear  is  fixed  in  posi¬ 
tion,  therefore  when  the  idler  gear 
rises  the  lower  thin  washer,  riveted 
to  it,  hits  the  depth  setting  gear 
and  is  bent  causing  the  trouble 
described  above. 

To  eliminate  this  condition  the 
depth  setting  gear  on  the  lower  end 
of  the  depth  setting  spindle  has 
been  redesigned  with  a  collar  to  fit 
over  the  upper  washer  on  the  idler 
gear.  Located  In  such  a  manner  that 
when  the  idler  gear  rises  the  upper 
washer  hits  this  collar.  This  washer 
is  much  thicker  than  the  lower 
washer  and  will  therefore  not  be 
bent  by  the  upward  pressure. 

LQCKING.GEAS 

(Plate  29) 

25.  A  locking  gear  for  locking  the 
depth  engine  valve,  to  keep  the 
depth  rudders  In  a  fixed  position 
until  the  torpedo  has  attained  a 
fair  rate  of  speed,  is  installed  on 
the  Immersion  mechanisms  of  Mark  13 
and  modifications  up  to  and  includ¬ 
ing  torpedo  register  no.  16434. 
Torpedoes  after  this  register  number 
do  not  have  a  locking  gear  for  the 
depth  engine  valve. 

26.  The  principal  parts  of  the 
locking  gear  are: 

Locking  gear  slid*  s nth  guides  and 
spring 
Bell  crank 
locking  fork 

Adjusting  piece  with  contact  piece 
locking  spindle 


locking  cam 
Ratchet  with  pawls 

locking  index  dial  on  outside  of 

gyro  housing 

27  The  locking  gear  slide  is  a 
flat  bar.  guided  at  the  forward  end 
by  the  locking  bar  bracket  and  at 
the  after  end  by  the  guide  stud,  in 
which  the  slotted  end  of  the  locking 
gear  slide  moves.  The  locking  gear 
slide  adjusting  piece,  with  Inserted 
steel  contact  piece,  is  fitted  to 
the  locking  gear  slide  so  as  to  per¬ 
mit  longitudinal  adjustment,  and 
is  secured  in  the  desired  position 
by  means  of  two  adjusting  screws. 
The  adjusting  piece  is  "L"  shaped, 
and  has  a  small  lug  on  the  inside 
to  which  the  spring  is  connected. 
The  contact  piece  on  the  lower  end 
of  tms  "L"  lines  up  against  the 
locking  cam,  to  which  It  Is  held 
by  the  spring 

28  A  pin  riveted  In  the  center 
of  the  locking  slide  engages  the 
forked  lower  arm  of  the  bell  crank. 
The  bell  crank  is  pivoted  on  a  pin 
fixed  in  the  side  of  the  gyro  pot 
Just  forward  of  the  depth  engine 
cylinder.  The  upper  arm  of  the  bell 
crank  is  drilled  out  and  slotted  for 
the  reception  of  the  locking  fork, 
the  fork  being  fitted  into  the  bell 
crank  so  as  to  permit  adjustment  for 
position.  A  clamp  screw  is  provided 
for  securing  the  fork  In  the  bell 
crank  after  adjusting. 

29  The  forward  end  of  the  locking 
fork  is  formed  into  a  hook,  which 
engages  a  pin  on  the  upper  end  of 
the  valve  lever  connection  when  in 
the  locked  position.  This  hook  is 
so  shaped  as  to  insure  engagement  in 
whatever  position  the  valve  lever 
may  be  when  locking. 

30  The  adjustment  of  the  length 
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of  the  locking  fork,  In  the  upper 
arm  of  the  bell  crank  and  of  the 
position  of  the  contact  piece  on  the 
locking-gear  slide,  provides  ample 
range  of  adjustment  for  locking  the 
depth  engine  valve  rod  In  any 
desired  position,  and  hence  for 
fixing  the  position  of  the  depth 
rudders  during  the  locked  Interval. 

31.  The  locking  spindle  passes 
through  a  stuffing  box  in  the  gyro 
mechanism  base,  the  outer  end  being 
machined  with  a  flange,  graduated 
for  duration  locking  index.  The 
upper  end  of  the  spindle  is  kfyed 
to  a  steel  actuating  ratchet  which 
is  driven  from  the  gyro  pinion  shaft 
by  an  eccentric  arm  and  pawl.  Three 
driving  teeth  of  the  actuating 
ratchet  are  cut  away  to  prevent 
further  turning  of  the  locking  cam 
after  the  locking  bar  is  withdrawn. 
The  locking  cam  is  shaped  in  the 
form  of  a  toe  and  is  pinned  to  the 
locking  index  spindle  in  line  with 
the  adjusting  piece. 

OPEBAIIOL'-OE-IBB-IOCIIMG-GEAB 

32.  To  lock  rudders  for  position, 
it  will  be  necessary  to  remove  the 
port  hand  hole  plate  in  the  after¬ 
body,  loosen  clamp  screw  in  bell 
crank  and  move  locking  fork  to 
desired  position  after  which  re- 
clamp  the  adjustment.  To  lock 
rudders  for  duration,  simply  turn 
the  index  spindle  for  the  desired 
duration  as  indicated  on  the  index. 
The  unlocking  is  accomplished  as 
f ol lows : 

Turning  of  the  worm  on  pallet 
drive  shaft  will  rotate  the  worm 
wheel  and  eccentric  transmitting 
oscillating  motion  to  the  actuating 
pawl  carrier  and  pawl.  The  pawl, 
engaging  the  teeth  of  the  ratchet, 
will  cause  the  ratchet  wheel  and 
index  spindle  to  turn  until  the 
unlocking  cam,  through  contact  with 


adjusting  piece  ,  will  push  unlocking 
slide  forward;  thus,  through  the 
medium  of  the  be  11  crank,  moving  the 
locking  fork  out  of  engagement  with 
the  pin  on  the  valve  lever  and 
release  the  valve. 

ADIUSrJSSIS 

33.  It  wl  1 1  be  apparent  that  there 
are  three  major  adjustments  to  the 
Immersion  mechanism,  not  including 
the  position  and  dnratlon  locking 
adjustments.  First,  there  is  the 
adjustment  to  Insure  that  the  dia¬ 
phragm  lever  is  In  mid-position  when 
the  pendulum  is  likewise  in  mid- 
position  as  determined  hy  insertion 
of  the  centering  screw.  Secondly, 
there  is  the  depth  engine  valve 
centering  test  which  is  made  with 
the  transportation  screw  in  place 
and  with  air  prossure  on  theenglne. 
The  valve  is  adjusted  to  its  mid- 
position  hy  means  of  the  adjustment 
provided  on  the  valve  stem  pre¬ 
viously  mentioned.  Thirdly,  there 
is  the  setting  of  the  dopth  index 
wheel  so  that  it  will  truly  repre¬ 
sent  the  depth  at  which  the  torpedo 
will  run.  These  adjustments,  to¬ 
gether  with  the  locking  adjustments, 
are  fully  described  in  Chapter  IX. 

TESTS 

34.  Testing  of  the  immersion  gear 
is  done  at  stations  and  on  tenders 
by  means  of  a  special  testing  fix¬ 
ture  in  which  the  mechanism  base 
can  be  installed  and  water  pressure 
actually  applied  to  the  diaphragm 
by  means  of  a  hand  pump,  the  water 
line  being  provided  with  a  pressure 
gauge  graduated  in  » feet  of  salt 
vater By  means  of  this  testing 
fixture  the  sensitivity  of  the 
depth  engine  valve  and  inter-con¬ 
necting  linkages  to  the  hydro- 
diaphragm  can  be  determined.  This 
test  should  be  conducted  on  tenders 
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during  Annual  overhaul.  Sluggish¬ 
ness  of  the  depth  engine  valve  when 
disconnected  from  the  valve  opera¬ 
ting  lever  can  also  be  determined  by 
means  of  Tool  222  which  is  a  small 
leaf  spring  whose  deflection  Is 
indicated  on  an  attached  sector  when 
the  tip  of  the  spring  Is  used  to 
move  the  depth  engine  valve  while 
air  at  working  pressure  Is  on  the 
engine. 

30.  Tenders  and  bases  likewise  are 
provided  with  a  testing  stand  for 
measuring  air  leakage  past  the  valve. 
This  test  Is  for  the  purpose  of 
replacing  depth  engines  which  are 
abnormally  wasteful  In  air  consump¬ 
tion.  The  outfit  merely  consists 
of  a  device  for  measuring  the  drop 
In  pressure  In  an  air  line,  the  drop 
being  a  direct  measure  of  the  leak¬ 
age  through  the  engine. 

BBPIB-8HGIK2 

(Plate  31) 

36.  The  depth  steering  engine  Is 
mounted  in  a  cut  out  and  flattened 
section  of  the  gyro  pot  and  Is  for 
the  purpose  of  moving  the  horizontal 
rudders.  It  consists  essentially  of 
a  piston  moving  In  a  cylinder  and 
controlled  by  a  valve  concentric 
with  and  moving  longitudinally  In¬ 
side  the  piston  rod.  The  assembled 
engine  la  so  built  that  only  a  very 
slight  force  is  required  to  move  the 
engine  valve  and  as  the  result, 
movement  of  the  piston  follows  the 
movement  of  the  valve  but  with  an 
enormous  increase  In  force. 

37.  The  depth  engine  valve  is  so 
delicate  in  its  operation  that  It 
must  be  kept  scrupulously  clean  and 
free  from  any  foreign  particles 
which  might  increase  the  resistance 
to  valve  movement.  Obviously, this 


high  sensitivity  of  the  valve  is 
necessary  by  reason  of  the  extremely 
small  forces  available  through  the 
pendulum  and  hydrodiaphragm  as  the 
torpedo  varies  slightly  from  set 
depth.  Smoothness  of  depth  perform¬ 
ance  is  therefore  dependent  upon 
smoothness  of  depth  engine  control 
valve  performance. 

38.  As  previously  stated,  both  the 
horizontal  and  vertical  steering 
engines  are  air  operated  with  air 
which  Is  probably  only  slightly 
warmer  than  room  temperature.  For 
maximum  efficiency,  if  is  necessary 
that  air  leakage  be  kept  as  small  as 
possible.  This  requires  that  valves 
and  pistons  be  lap  fitted  to  their 
working  surfaces. 

39.  In  assembling  the  various 
parts  of  an  engine,  Interchange- 
ability  Is  lost  to  a  considerable 
extent  as  the  degree  of  fit  of  the 
parts  roust  be  such  as  to  permit  the 
final  lapping  of  mating  parts.  When 
the  control  valve  Is  finally  lapped 
In  place  It  Is  required  to  operate 
the  engine  for  a  full  stroko  with 
a  push  or  pull  on  the  valve  of  1/4 
ounce  with  400  pounds  air  pressure 
on  the  engine.  At  this  pres^’-e, 
slight  leakage  Is  allowed  around 
the  valve  and  through  the  exhaust 
ports  but  should  disappear  when  the 
pressure  has  been  reduced  to  10«> 
pounds  per  square  inch.  As  pre¬ 
viously  stated,  a  suitable  testing 
outfit  Is  issued  tenders  and  bases 
for  determining  whether  or  not  the 
alj-  leakage  through  the  engine  is 
abnormal . 

40.  On  the  piston  of  the  engine 
there  are  three  grooves  or  air 
chambers  machined  at  right  angles 
to  the  axis,  the  central  one  being 
a  supply  chamber  and  the  two  end 
ones  are  exhaust  chambers. 


DEPTH  ENGINE  -  DtAGRAMATIC 
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41.  The  operation  of  the  depth 
steering  engine  is  as  follows 
Starting  with  the  piston  in  mid 
position  in  the  cylinder  and  the 
control  valve  In  mid  position  in  the 
piston,  air  from  the  supply  line 
fills  the  central  chamber  of  the 
piston  and  through  the  supply  ports 
also  fills  the  chamber  in  the  center 
of  the  valve.  Disregarding  leakage, 
air  is  confined  to  these  spaces  so 
long  as  the  control  valve  remains 
stationary  and  the  piston  does  not 
move . 

42.  Moving  the  valve  forward  (or 
to  the  Left)  the  forward  supply  port 
is  opened  and  air  passes  through  it 
to  the  after  end  of  the  piston  where 
sufficient  pressure  is  built  up  to 
move  it  forward  following  closely 
the  movement  of  the  valve.  If  the 
valve  8 1 ops  ,  the  movement  of  the 
piston  also  stops  as  soon  as  the 
forward  supply  port  is  again  covered. 
The  movement  aft  of  the  control 
valve  accomplishes  an  after  movement 
of  the  piston  in  the  same  manner. 

43.  The  movement  Of  the  piston  Is 
normally  so  close  behind  that  of  the 
valve  that  the  air  at  the  exhaust 
end  of  the  cylinder  is  forced  out  by 
leakage  over  the  end  piston  rings 
into  the  two  exhaust  chambers  mach¬ 
ined  on  the  outer  surface  of  the 
piston.  This  action  results  in  a 
slowing  and  cushioning  of  the  piston 
stroke  through  which  extremely 
smooth  action  of  the  engine  is 
obtained.  It  can  be  readily  seen 
that  if  the  exhaOst  ports  opened 
simultaneously  with  the  supply  ports 
the  hammering  action  of  the  piston 
would  soon  wear  out  the  engine  . 

44.  Four  pairs  of  piston  rings  are 
fitted  ir)  grooves  in  the  periphery 
of  the  steering  engine  piston.  These 
rings  are  for  the  purpose  of  provid¬ 


ing  suitable  bearing  surfaces  which 
at  the  same  t.me  reduce  air  leakage 
past  the  contact  surface  to  a 
minimum . 

UU.OLUhl.lQ.lKS. 

45-  To  insure  satisfactory  opera 
tion  of  the  torpedo  in  depth,  the 
depth  engine  valve  must  move  freely 
In  the  piston  and  must  be  kept  well 
lubricated  with  the  approved  gyro 
oil.  Kith  working  pressure  on  the 
depth  engine  •  the  piston  should  move 
when  a  pressure  of  1/4  to  1/2  ounce 
is  applied  on  the  valve  stem,  and. 
if  the  piston  fails  to  move  when  a 
pressure  of  1  ‘2  ounce  is  app-ied.the 
valve  is  not  considered  sufficiently 
sensitive  The  flat  spring  gauge, 
tool  No  .222,  previously  referred 
to  in  paragraph  34  of  this  chapter 
Is  furnished  for  this  test,  this 
tool  is  g**adur ted  to  each  1/2  ounce 
up  to  four  ounces 

Many  faulty  runs  have  been 
caused  by  di**'  or  grit  collecting 
in  the  valve  chamber,  also,  by  dirt 
or  foreign  matter  lodged  under  or 
between  the  packing  rings  of  the 
piston  Air  to  this  engine  is 
required  *o  pass  through  a  lOOmesh 
strainer  in. the  air  strainer  body 
prior  to  admission  to  the  engine, 
but  obviously  with  such  finely 
lapped  su-fn.es  particles  of  dirt 
which  can  pass  through  this  strainer 
might  eas  ly  ause  trouble 

The  packing  gland  in  the 
piston  »-od  should  be  kept  properly 
packed  and  thrs  packing  should  be 
renewed  if  necessary  upon,  annual 
overhaul  and  tested  for  tightness 

When  the  depth  eng:.ne  valve  is 
properly  adjusted,  it  should  be 
possible  to  push  the  piston  about 
1/32  of, an  inch  further  by  hand  on 
each  end  of  the  stroke  then  it  will 
go  by  air  when  the  valve  is 


agai  ns  t  its  stops  . 

Jhe_depth_steering_line 

(Plate  28) 

46.  The  depth  steering  line  is  that 
portion  of  the  horizontal  rudder 
operating  mechanism  between  the  depth 
engine  and  the  rudders. 

47.  The  motion  of  the  depth  engine 
piston  is  transferred  to  the  horizon¬ 
tal  rudders  through  the  following 
parts:  Piston  fork,  depth  rudder  rod, 
rudder  connection  ( through  stuffing 
box  in  afterbody  bulkhead) ,  rudder 
adjusting  rod  (in  tail  cone),  rudd e  r 
yoke,  rudder  post,  lever  arms,  rudder 
arms  and  the  rudders. 

48.  The  eye  on  the  forward  end  of 
the  rudder  rod  fits  In  the  piston 
fork  and  is  held  In  place  by  a  pin 
locked  by  a  flat  brass  retaining 
spring.  This  rod  passes  along  the 
afterbody  and  is  pinned  to  the 
connection  which  passes  through  the 
stuffing  box  in  the  after  bulkhead. 
This  rod,  and  hence  the  entire  steer¬ 
ing  line  Is  prevented  from  turning 
by  a  square  section  in  the  stuffing 
box . 

49.  On  the  after  end  of  the  con¬ 
nection  which  passes  through  th«- 
stuffing  box  is  fitted  a  fork,  and 
this  fork  Is  pinned  to  the  forward 
eye  of  the  adjusting  rod  In  the 
tail  cone.  This  connection  provides 
a  means  for  lengthening  or  shorten¬ 
ing  the  depth  steering  line  for 
the  purpose  of  obtaining  proper 
rudder  throws.  This  is  accomplished 
when  the  tall  cone  is  assembled  to 
the  afterbody  through  two  plugged 
access  openings  In  the  tail  cone 
beneath  the  forward  end  of  the  ad¬ 
justing  rod.  The  eye  which  screws 


into  the  forward  end  of  the  adjust¬ 
ing  rod  can  be  rotated  when  dis¬ 
engaged  from  the  connection  through 
the  afterbody  bulkhead  by  turning 
it  after  the  clamp  screw  on  the 
forward  end  of  the  adjusting  rod 
has  been  released.  When  the  adjust¬ 
ment  has  been  completed,  as  deter¬ 
mined  by  reading  the  rudder  throws 
at  the  graduations  on  the  after 
end  of  the  tail  cone,  the  clamp 
screw  is  carefully  set  up  and  the 
adjusting  rod  Is  again  engaged 
with  the  fork  on  the  steering 
connection,  and  the  lnter-connectlng 
pin  carefully  screwed  home  to 
maintain  this  connection. 

CO.  The  after  end  of  the  adjust¬ 
ing  rod  In  the  Mark  13  Modification 
torpedoes  connects  to  a  projecting 
pin  on  the  rudder  yoke.  The  rudder 
yoke  has  square  holes  broached  in 
Its  ends  which  fit  over  the  square 
shank  at  the  Inboard  end  of  each 
rudder.  Hhere  the  shank  of  each 
rudder  passes  through  the  tail 
••on*-,  bronze  bearings  ar**  riveted 
and  sweated  In  place  cu  the  tail 
cone.  The  shanks  must  be  close 
fits  In  these  bushings  to  prevent 
excessive  gas  leakage  from  getting 
into  the  water  stream  forward  ol 
the  propellers.  The  rudder  yoke 
Is  so  designed  as  to  inter-connect 
the  two  horizontal  rudders  on  each 
side  of  the  tail  cone  and  at  tho 
same  time  pass  around  the  outei 
propeller  sleeve.  Obviously, 
there  must  be  no  interference  of 
the  rudder  yoke  with  any  of  the 
tail  cone  parts  during  a  run. 

51-  In  the  Mark  13  torpedo  the 
after  end  of  the  adjusting  rod 
connects  to  a  projecting  pin  on 
the  rudder  yoke.  The  rudder  yoke 
has  square  holes  broached  in  its 
ends  which  fit  over  the  souare 
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shanks  at  the  inboard  ends  of  the 
rudder  posts.  Motion  from  the 
rudder  posts  to  the  rudders  is 
transmitted  by  lever  arms  attached 
to  their  outer  ends,  connecting  by 
rudder  arms  to  similar  lever  arms 
attached  to  the  rudders  abaft  the 
propellers . 

IMPORTANT  NOTES 

62.  The  parts  of  the  steering 
line  are  subject  to  considerable 
heat  during  a  run,  especially  the 
parts  in  the  tail  cone.  As  a  result 
of  these  temperatures,  expansion 
of  the  steering  line  takes  place 


which  reo.uires  a  margin  of  clearance 
at  the  end  of  the  stroke  both  at  t.h'* 
rudder  yoke  and  at  the  steerin'' 
connection  which  passes  through  the 
stuffing  box  in  the  afterbody  bulk¬ 
head.  The  several  parts  of  the 
steering  line  are  so  designed  that 
no  interference  should  be  encounter¬ 
ed  at  these  points,  but,  obviously 
if  the  adjusting  rod  in  the  tall 
cone  becomes  bent  or  if  the  stuffing 
box  gland  in  the  afterbody  bulk¬ 
head  be  allowed  to  project  too 
far  into  the  tail  cone . interference 
can  be  expected  which  will  cause 
erratic  performance .These  features 
should  be  carefully  inspected  during 
annual  overhaul. 
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CHAPTBR  VII 


GENBRAt  DESCRIPTION 

(Plates  32,  33) 

1.  The  gyro  mechanism  Is  the 
housing  In  which  the  gyroscope 
Is  contained  and  to  which  the 
Impulse  meohan Ism ,  together  with 
the  mechanism  necessary  for  relay¬ 
ing  gyrostatlc  control  of  the 
torpedo,  Is  assembled. 

2.  In  all  present  service  tor¬ 
pedoes,  the  mechanism  together 
with  the  Immersion  and  depth  control 
mechanism.  Is  assembled  on  one 
large  base,  which  may  be  removed 
or  replaced  In  the  afterbodies 
of  torpedoes  without  affecting 
the  adjustments  of  the  individual 
mechanisms  assembled  thereon. 
The  depth  and  vertical  steering 
engines  must  be  removed,  however. 

3.  The  gyro  pot  is  a  large 
cylinder,  the  lower  end  of  which 
is  seated  In  a  circular  recess 
in  the  after  end  of  the  base, 
and  opening  from  the  outside  for 
the  Insertion  of  the  gyro.  The 
upper  end  of  this  cylinder  Is 
closed  by  a  bronze  top  plate  thus 
forming  a  housing  for  the  gyro 
when  installed  in  a  torpedo. 

4.  In  the  gyro  mechanism  used 
in  this  torpedo,  the  pot  is  a 
fixed  part  of  the  base,  being 
rigidly  secured  to  same  by  screws 


and  solder  and  suitably  machined 
with  bosses  and  bearing  surfaces 
on  Its  outer  cylindrical  wall 
for  the  Installation  of  the  gyro 
Impulse  mechanism  on  the  forward 
side,  and  the  depth  and  steering 
engines  on  the  port  and  star¬ 
board  sides.  The  top  plate  on 
which  the  pallet  mechanism  Is 
assembled,  Is  held  against  a  lapped 
surface  on  the  top  of  the  gyro 
pot  with  retainer  plates  and  is 
capable  of  a  small  movement  (24°) 
in  azimuth  for  the  purpose  of 
centering  the  axis  of  the  gyro 
gear  with  the  axis  of  the  torpedo. 
No  provisions  are  made  for  angle 
firing  In  this  torpedo. 

GI?g_MBCHANISM_BASB 

(Figure  9) 

5.  The  gyro  mechanism  base 
is  a  bronze  casting  of  suitable 
dimensions  for  mounting  the  depth 
and  gyro  mechanisms:  the  outer 
side  of  the  base  is  machined  to 
conform  with  the  contours  of  the 
afterbody,  the  Inner  side  being 
machined  with  a  seat  to  fit  against 
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a  gasket  In  the  gyro  door  flange  on  away,  leaving  4  ribs  an  equal  dis- 
the  afterbody  shell  to  which  It  Is  tance  apart,  each  43°  of  arc  to  per- 


FIG.  3 


secured  with  screws. A  circular  open¬ 
ing  In  the  forward  end  Is  machined 
with  a  flange  for  mounting  the  depth 
mechanism, the  gyro  pot  being  mounted 
in  a  circular  recess  In  the  after 
end; the  base  Is  bored  out  to  fit  the 
outside  diameter  of  the  pot, so  that 
the  pot  may  be  inserted  and  sweated 
In  place.  Two  holes  are  drilled  and 
tapped  on  the  exterior  of  the  base  , 
between  holes  for  the  holding  screws, 
for  the  Insertion  of  lifting  screw 
tools  when  removing  or  assembling  In 
afterbody. 

fiIBD_PDl 

(Figure  10) 

6.  The  gyro  pot  Is  a  large  cylin¬ 
drical  bronze  drum  of  appropriate 
dimensions  for  housing  the  complete 
gyroscope  assembly  with  freedom  of 
same  to  turn  360°  on  Its  vertical 
axis  Inside  the  pot  without  Inter¬ 
ference.  A  seat  Is  machined  on  the 
lower  Inside  of  the  pot  for  the 
clamp  plate  cover, an  Interrupted 
flange  or  rib  being  machined  direct¬ 
ly  under  this  seat  to  provide  a 
means  for  holding  the  clamp  plate. 
Four  segments  of  this  flange  are  cut 


mlt  the  Insertion  of  a  similarly  cut 
flange  on  the  clamp  plate. Thus .after 


insertion  of  the  clamp  plate  and 
cover, the  clamp  plate  Is  rotated 
until  the  ribs  are  In  line, after  rftfch 
the  cover  may  be  clamped  against  Its 
seat  by  setting  up  on  the  plug.  The 
top  of  the  pot  Is  machined  with  a 
tight  Joint  permitting  a  slight  turn¬ 
ing  of  the  top  plate. The  seat  mus  t  be 
accurate  and  Is  scraped  and  lapped 
during  original  assembly. A  shelf  ex¬ 
tending  from  the  top  of  the  pot  at 
the  forward  end  and  extending  toward 
Its  center  holds  the  top  bearing  for 
the  gyro  outer  glmbal  ring, 'sul table 
means  being  provided  for  the  Intro¬ 
duction  of  air  Into  this  bearing  to 
sustain  the  speed  of  the  gyro  wheel. 
Two  segments  are  extended  from  the 
lower  end  of  the  Inner  wall  of  the 
pot  for  the  support  of  the  bottom 
head  to  which  it  secures  with  six 


holding  screws.  The  complete  gyro- 


scope  Is  supported  through  its  verti¬ 
cal  axis  between  a  bearing  in  this 
bottom  head  and  a  bearing  mounted  in 
the  shelf  referred  to  above.  A  seat 
is  machined  on  the  forward  side 
of  the  pot  for  mounting  the  spin¬ 
ning  and  unlocking  mechanism  and 
means  are  provided  for  mounting 
the  depth  steering  engine  on  the 
port  side.  A  b-oas  —  pro  J  ec  1 1  ng 
from  the  forward  side  of  the  flange 
for  the  vertical  steering  engine 
on  the  starboard  side  of  the  pot, 
is  drilled  and  tapped  for  the 
introduction  of  air  to  the  top 
bearing  for  constant  spin  of  the 
gyro.  A  bracket  containing  bearings 
for  a  small  worm  is  located  on  the 
upper  side  of  the  gyro  pot,  Just 
Ins lde  the  vertical  steering  engine. 
This  worm,  meshing  Into  gear  teeth 
cut  over  a  small  portion  of  the 
periphery  of  the  top  plate,  forms 
the  means  for  adjusting  the  relation 
of  the  pallet  on  the  top  plate  with 
the  pallet  cam  on  the  gyro. 

SXBQJ2L1MP_PLAIB-AMB_CQYBB 

7.  The  gyro  clamp  plate  and 
cover  close  the  lower  opening  of 
the  gyro  pot.  The  clamp  plate 
is  a  composition  forging  in  the 
form  of  a  circular  dished  plate,  the 
outer  circumference  of  which  is 
machined  with  a  flanged  seat  to  fit 
a  similar  6eat  in  the  bottom  of  the 
gyro  pot,  a  gasket  being  interposed 
to  make  this  seat  water-tight.  The 
reenforced  center  of  the  clamp  plate 
is  drilled  and  tapped  for  the  screw 
holding  the  clamping  plug.  The 
clamp  plate  cover  is  machined  with 
four  interrupted  ridges  on  its 
circumference  as  previously  describ¬ 
ed,  the  center  of  the  cover  being 
drilled  and  tapped  for  the  clamp¬ 
ing  plug,  which  is  similarly  thread¬ 
ed.  This  plug  passes  through 
the  threaded  center  of  the  cover 


and  is  secured  to  the  plate  with 
a.  screw  in  such  a  manner  as  to  perm  i  t  the 

jikig  to  turn  freely  about  the  securing 
screw,  'thus  holding  the  cover 
and  plate  together  and  yet  per¬ 
mitting  rotation  of  either  one. 

8.  The  clamp  plate  cover  is 
Inserted  in  the  gyro  pot  flange 
with  the  Interrupted  ribs  on  the 
cover  passing  through  the  lands 
cut  away  between  the  ribs  on  the 
pot  flange.  The  cover  is  then 
turned  in  either  direction  until 
the  ribs  line  up  with  those  on  the 
flange,  after  which  the  clamping 
plug  is  turned  to  the  right,  thus 
forcing  the  clamp  plate  down  against 
its  gasket  and  forming  an  effective 
seat  against  sea  water  leakage. 

lUE.IOP-PLllE. 

(Figure  11) 

0.  The  top  plate, which  closes  the 
top  of  the  gyro  pot, is  a  disc  shaped 
bronze  forging  machined  with  the 
necessary  flanges , bosses , seats  and 
bearings  for.  the  pallet  meohanlsm.  - 

10.  As  previously  mentioned,  n 
small  worm  is  cut  over  2\"  of  arc 
around  its  periphery  to  mesh 
with  the  adjusting  worm  for  center¬ 
ing  the  tdp  plate.  The  outer  circum¬ 
ference  of  the  plate  is  suitably 
machined  for  a  lap  fit  in  the  gyro 
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pot  to  which  It  is  held  by  two 
retainer  plates  secured  with  screws 
In  such  a  manner  as  to  permit  rota¬ 
tion  of  the  top  plate  on  the  pot 
without  disengagement  of  the  parts. 
A  small  adjustable  pointer  is  locat¬ 
ed  on  the  inside  of  the  top  plate 
for  reference  when  adjusting  the 
relative  position  of.  .the.pallet  with 
the  cam  on  the  gyro,  and  for  check¬ 
ing  by  the  operator  when  Installing 
the  gyro.  On  the  upper  after  side 
of  the  top  plate  are  two  bosses 
drilled  and  tapped  longitudinally 
for  the  pallet  slide  plungers  and 
springs,  the  space  between  these 
bosses  being  machined  to  form  a 
channel  for  guiding  the  pallet  slide, 
a  hole  being  drilled  through  the 
outer  end  of  this  channel  to  permit 
the  Insertion  of  the  pallet  holder. 
The  upper  surfaces  of  the  bosses  are 
machined  flat,  forming  seats  for  the 
pallet  cover.  A  steel  stud  Is  rivet¬ 
ed  through  the  center  of  the  top 
plate  to  form  a  pivot  for  the  cam 
gear.-  Smaller  studs  are  riveted  on 
each  side  of  this  pivot  stud  for 
pallet  slide  stops. 

Tjg  SPINNING  AND  UNLOCKING  MBCHANISM 

(Plate  34) 

11.  The  means  provided  for  the 
Initial  spinning  of  the  gyro  wheel 
to  the  velocl  ty 
required  for  main¬ 
taining  gyros tatlc 
control  of  the  tor¬ 
pedo's  course 
throughout  its  run, 
and  tod  Is  engage 
the  spinning 
element  from 
the  wheel  pr lor  to 
the  torpedo  leav  - 
ing  the  launching 
tu  be  ,  Is  te  r med 
the  spinning  and 
unlocking  gear. 


assembled  In  a  spinning  gear  frame 
attached  to  the  forward  side  of  the 
gyro  pot  by  holding  screws  and  In  a 
front  plate  similarly  attached  to 
the  spinning  gear  frame.  The  spin¬ 
ning  gear  frame  (Figure  12)  used  on 
the  Mark  13  and  Mark  13-1  torpedoes 
up  to  and  Including  register  no. 
16434  has  a  boss  on  the  left  side 
suitably  bored  to  carry  the  locking 
gear  shaft.  The  top  surface  of  this 
frame  Is  machined  and  drilled  to 
carry  the  pawls  and  worm  gear  for 
driving  the  locking  gear.  Qn  tor¬ 
pedoes  after  this  register  number 
the  spinning  gear  frame  has  been 
replaced  by  a  new  frame  (Figure  13) 
without  a  boss  on  the  side.  The 
front  plate,  a  brass  casting, 
(Figure  14)  has  radial  holes  which 
direct  the  high  pressure  air  upon 
the  teeth  of  the  spinning  rotor. 

13.  The  following  are  the  essen¬ 
tial  features  of  the  mechanism, 
each  of  which  will  be  described 
In  the  order  listed: 

(a)  Spinning  turbine  and  Impulse 

mechanism 

(b)  Centering  feature 

(c)  Locking  and  unlocking  gear. 

(d)  Spinning  gear  duration  adjust¬ 

ment  feature 


12.  The  complete 
mechanism  is 
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SPINNING  GEAR  FRAME 

FO  13 


is  made  in  two  sectlais, 
both  Integral  for 
rotation  but  the  exten¬ 
sion  having  independent 
1  ongl  tud  Uw)  m  oveme  n  t 
in  the  spinning  shaft, 
thus  permitting  the 
travel  required  to  en¬ 
gage  with  the  gyro. 

16.  The  spinning  shaf  t 
runs  In  a  composition 
bushing  and  In  the  con¬ 
trolling  sleeve,  which 
parts  are  supported  In 
the  spinning  shaft  sleeve 
(Figure  17)  the  spinning 
shaft  sleeve  in  turn  be¬ 


ing  supported  In  the 

§PiDDlDg-iUEbiDfl.ftDd_lfflDUlaS  spinning  gear  frame (Flg- 

SSSbflQiS?*  ure  12  or  13)  and  front  plate  (Fig.  14)  . 


14.  The  spinning  rotor  (Figure  16) 
is  a  wheel,  the  periphery  of  which 
Is  machined  with  saw  toothed  buckets 

at  an  appro- 


FRONT  PLATE 


prlate  angle 
for  obtain¬ 
ing  most 
e  f  flcle  n  t 
speed.  This 
rotor  Is 
attached  to 
the  ou  ter 
en  d  o  f  a 
s  p  1  n  n  1  ng 


FK3.  14 


shaft.  On 


the  exten¬ 
sion  to  this  shaft  Is  machined  a 


spur  gear  of  similar  dimensions  to 
the  spur  gear  machined  on  the  gyro 
wheel  spindle,  and  when  the  gyro  Is 
locked  or  In  position  to  receive  1  ts 
Initial  spin,  these  spur  gears  are 
in  mesh.  Thus  It  will  be  seen  that 
in  this  position  the  splnni  ng 
turbine  Is  geared  for  direct  drive 
of  the  gyro  wheel. 


15.  The  spinning  shaft  (Figure  16) 


17.  The  Inner  end  of  the  outer 
section  of  the  spinning  shaft  Is 
machined  with  a  square  socket  In 
'which  the  outer  squared  end  of  the 
’spinning  shaft  extension  is  Inserted, 
thus  permitting  the  extension  with 
the  spinning  gear  to  move  longitudi¬ 
nally  Inside  the  spinning  shaft 
while  at  the  same  time  being  able 
to  transmit  the  spinning  torque. 


PIQ.1S 


18.  A  steel  tube  (controlling 
sleeve,  Figure  17,)  Is  loosely  attach¬ 
ed  to  the  spinning  shaft  extension 
by  means  of  a  thin  bronze  retainer 
ring  made  In  two  halves  and  riveted 
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ln  a  recess  on  the  face  of  the  spin¬ 
ning  gear  so  as  to  permit  the  spin- 


/  SPINNING  GEAR 


WORM 


SPINNING  SHAFT 

FKk.  \e> 

nlng  shaft  extension  with  the  spin¬ 
ning  gear  to  rotate  In  the  sleeve, 

c«MT«oLkMS  jmvi  &»*+>•*. 


FIG.  17 


when  tho  sleeve  moves  longitudinally 
with  the  spinning  shaft  extension, 
acting  as  guide  for  the  spinning 
gear  moving  In  and  out  of  mesh  with 
the  gyro.  Due  to  necessity  for  the 
Increased  advance  of  the  spinning 
gear  and  centering  pin  (Figure  18) 
into  the  gyro  pot  required  for  non¬ 
tumble  gyros,  and  to  the  use  of  the 


PINION  UPPER  RACK 


CENTERING  PN  LOWER  RACK 


CENTERING  PIN  ARRANGEMENT 

fig.  \e 

same  angular  movement  of  the  bell 
cranks  (Figure  19)  as  used  with 
older  marks,  longitudinal  motion  is 
transmitted  to  the  spinning  shaft 
sleeve  and  controlling  sleeve  by 
a  pinion  carried  between  slotted 
bearings  On  the  upper  ends 


of  the  valve  and  spring  bell  cranks. 
This  pinion  meshes  in  a, fixed 
lower  rack  (Figure  18)  machined 
on  the  centering  pin  housing  and 
In  a  movable  upper  r'kc  k  ^owe led 
and  secured  to  the  controlling 
sleeve.  Thus  It  will  be  seen  that 
as  the  pinion  Is  moved  longitudi¬ 
nally  upon  the  fixed  rack  due  to  the 
action  of  the  bell  cranks,  and 
being  In  mesh  with  the  movable 
upper  rack,  It  will  push  this 
upper  rack  ahead  of  It.  When  so 
actuated,  the  linear  travel  of 
the  upper  rack  Is  Just  twice  the 
linear  travel  of  the  pinion  Itself, 
and  It  1 8  this  arrangement  that 
permits  the  spinning  gear  to  advance 
the  additional  distance  required 
for  locking  the  non-tumble  gyro 
with  the  same  angular  movement 
of  the  bell  cranks  as  obtained 
In  previous  types  of  spinning 
gears. 

19.  Initial  impulse  Is  given  to 
the  gyro  by  air  at  flask  pressure 
Impinging  upon  the  spinning  turbine 
buckets  through  five  holes  or 
nozzles,  drilled  at  a  suitable  angle 
for  maximum  effect,  directly  under 
the  spinning  rotor  Into  a  small 
high  pressure  reservoir  located 
in  the  front  plate.  The  air  enters 
this  reservoir  through  an  impulse 
valve  (Figure  20)  also  located 
In  the  front  plate.  This  Impulse 
valve  Is  normally  seated,  but  when 
the  gyro  Is  locked,  a  swivel  block 
attached  to  a  projecting  -pin  on 
the  valve  bell  crank  (Figure  19) 
lifts  the  valve  off  its  seat  and 
holds  the  valve  open  for  admission 

of  flask  pressure  air  for  the 
duration  of  spin,  when,  upon  unlock¬ 
ing  the  gyro,  the  valve  will  again 
seat  and  shut  off  the  air  to 
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the  turbine  nozzle.  the  controlling  sleeve  and  engaging 

on  the  outer  end  of  the  centering 
£®Qtering_featu£e£:  Pln- 

20.  To  hold  the  gyro  rigid  *  1  th  L2£iJiDS-SQd_un  1  ocJ^ng_ge  a£i 
the  spur  gears  of  the  spinning  shaft 

21.  The  means  provided  for 

locking  the  gyro  in  posi¬ 
tion  for  its  Initial  spin 
and  releasing  the  gyro  from 
this  position  after  receiv¬ 
ing  1  ts  Impulse  is  termed 

the  1  ocklng  and  unlocking 

gear. 

22.  The  spinning  sleeve 
which  carries  the  spinning 
element  is  moved  longitudi¬ 
nally  for  locking  and  un¬ 
locking  by  two  bell  cranks, 
the  valve  bell  crank  and 

VALVE  PELL  CRANK.  3PE1MC  BELL  CEANl  the  spring  bell  crank,  both 

pig.  le  of  which  are  keyed  to  the 

and  gyro  In  proper  mesh  during  ends  of  a  short  transverse  shaft 
initial  spin,  the  gyro  wheel  Is  having  bearings  through  a  pocket 
held  in  position  by  a  centering  pin  cast  in  the  lower  end  of  the  spin- 
figure  18)  the  ball  end  of  whloh  nlng  gear  frame.  Keyed  in  the 
engages  in  the  hollow  center  of  the  center  of  this  shaft  and  accessible 

from  the  inside  of  the  gyro  pot 
through  this  pocket  is  a  locking 
lever  (Figure  21)  suitably  machined 
for  the  insertion  of  a  tool  to  lock 
the  gyro.  The  upper  ends  of  the 
bell  cranks  are  machined  with 
slotted  bearings  for  the  pinion 
which  is  carried  between  those  bell 
ball  bearing  cup  ("A"  bearing)  for  cranks  and  meshes  with  the  lower 
the  wheel.  Thl«  centering  pin  is 
located  in  a  separate  steel  housing 
rigidly  secured  between  the  spinning 
gear  frame  and  the  front  plate,  this 
housing  having  a  dual  purpose,  in 

that  the  fixed  rack  Is  machined  on  LOCICING  LEVER. 

its  upper  side.  The  centering  pin  PIG.  21 

is  operated  by  a  toe  extending  from  stationary  and  upper  movable  ricks, 
the  outer  end  of  the  upper  rack  on  Thus,  it  will  be  seen  that  moving 
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the  locking  lever  down  or  away  from 
the  gyro  will  cause  the  bell  cranks 
to  move  the  pinion  longitudinally 
upon  the  fixed  rack  and  being  in 
mesh  with  the  movable  rack,  it  will 
push  this  rack  ahead  of  It.  This 
rack  being  attached  to  the  con¬ 
trolling  sleeve  will  push  the  spin¬ 
ning  element  into  the  gyro  pot  until 
locked  in  place  by  the  unlocking  bar 
(Figure  22)  being  pushed  In  front  of 

a  hardened 
steel  Insert 
attached  to 
the  side  of 
the  upper 
rack.  In  this 
position  the 
centering 


pin  Is  enter¬ 
ed  1  n  the 


axial  hole 


in  the  "A"  bearing  of  the  gyro 


wheel,  holding  the  gyro  rigid  for 


23.  The  unlocking  mechanism  is  a 
reduction  gear  train  (Figure  23) 
operated  by  a  single  thread  worm 
machined  on  the  central  portion  of 
the  spinning  shaft  and  aecessible 
for  mesh  in  a  worm  wheel  through  a 
slot  milled  in  the  side  of  the  spin¬ 
ning  sleeve.  This  worm  wheel  Is 
part  of  a  gear  train  assembled 
between  the  upper  and  lower  gear 
center  plates  which  are  rigidly 
attached  to  and  move  with  the 
spinning  sleeve.  A  gear  on  this 
worm  wheel  shaft  meshes  with  a 
larger  gear  on  the  pinion  shaft. 
The  pinion  In  turn  meshes  with 
the  unlocking  rack  (Figure  24) 
when  the  gyro  Is  In  the  locked 
position.  The  ratio  of  gear  re¬ 
duction  from  the  spinning  shaft 
to  the  pinion  operating  the  unlock¬ 
ing  rack  Is  105  to.  1.  The  unlocking 
rack  and  the  unlocking  bar  ore 


spinning;  the  spur 
gear  on  the  spinning 
shkft  extension  1  s  In 
full  mesh  with  the  spur 
gear  on  the  gyro  spindle 
and  thus  In  position  to 
Impart  rotation;  the 
spinning  turbine  buckets 
a  re  lined  up  over  the 
five  nozzles  In  the 


front  plate  In  line  for 
receiving  the  flask  pres¬ 
sure  air  impulse; the  tonpul se 

valve  is  lifted  off  Its  seat  by  the  contained  In  slides  machined  across 
swivel  block  attached  to  the  pro-  the  upper  inside  portion  of  the 


Jecting  pin  on  the  valve  bell  crank 
to  permit  passage  of  air  to  the 
nozzles,  and  the  unlocking  spring  is 
compressed  on  the  spring  guide, 
between  the  spring  post  on  the 
spring  bell  crank  and  Its  seat  In  a 
boss  In  the  front  plate,  thus  com¬ 
pleting  the  locking  of  the  mechanism. 


spinning  gear  frame,  the  unlock¬ 
ing  bar  being  in  place  in  a  retainer 
bracket  which  also  forms  the  upper 
bearing  cap  for  the  hand  trip. 
In  order  that  the  mechanism  may 
be  unlocked  by  hand  when  neces¬ 
sary,  a  small  vertical  shaft 
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(Flgure  25)  Is  mounted  between  bear¬ 
ings  on  the  spinning  gear  frame. 


fl 

UNLOCKING  RACK, 

FIQ24 

The  upper  end  of  this  shaft  Is 
fitted  with  a  cam  which  engages  In  a 

slot  milled  on 

the  side  of 

the  unlockl n  g 
bar , the  low  e  r 
end  of  the 
shaft  having 
a  project¬ 
ing  lug  access¬ 
ible  from  the 
Interior  of 
the  gyro  p  ot 
for  manual 
operation.  A 
spring  connect¬ 
ed  between  pop- 
p  t  ts  on  t  he 
shaft  and  spin¬ 
ning  gear  frame 
keeps  the  un¬ 
locking  bar  In 
Its  engaged 
position  until 
forced  out  of  engagement  by  the 
unlocking  rack  or  by  the  hand  trip. 

Sp inn lngge a rdur a tlon_ adjustment 
~  .  feature! 

24.  The  duration  of  the  spin  Is 
regulated  by  changing  the  distance 


between  contacting  points  of  the 
unlocking  rack  and  the  unlocking 
bar,  so  that  more  or  less  teeth 
of  the  unlocking  rack  will  engage 
the  pinion  on  the  unlocking  gear 
train  when  the  gyro  Is  locked. 
This  Is  accomplished  by  a  spring 
lever  (Figure  26)  the  outer  end 
of  which  Is  pivoted  on  a  stud  in 
the  upper  Inner  side  of  the  spinning 
gear  frame,  the  Inner  end  engaging 
In  a  slotted  portion  near  the  center 
of  the  unlocking  rack.  Thus,  by 
movlTig  this  spring  lever  about 
Its  pivot,  the  unlocking  rack  is 
correspondingly  moved. 

25.  The  position  of  the  spring 
lever  and  consequently  the  unlocking 
rack  Is  adjusted  by  means  of  a 
spring  rod  (Figure  26)  passing 
through  an  adjustable  spring  case 
attached  to  the  upper  end  of  the 
spinning  frame  through  a  hinged 
clamp  threaded  on  its  Interior 
to  fit  similar  threads  on  the 
spring  case,  which  permit  suffi¬ 
cient  movement  of  the  spring  rod 
to  take  up  shock  and  to  properly 
mesh  the  teoth  of  the  rack  with 
the  pinion  of  the  unlocking  train 
when  locking  the  mechanism.  By 
loosening  a  clamp  screw  on  this 
hinge  and  turning  the  spring  case, 
the  unlocking  movement  may  be 
adjusted  to  the  desired  number 
of  revolutions. 

26.  The  operation  of  the  complete 
spinning  mechanism  Is  as  follows: 

With  the  locking  of  the 
mechanism,  the  spinning,  shaft 
sleeve  is  moved  In  until  the  toe 
of  the  unlocking  bar  catches  and 
holds  It  In  the  spinning  position. 
The  turbine  wheel  Is  then  lined 
up  over  the  nozzles;  the  centering 
pin  Is  engaged  In  the  forward  ball 
cup  of  the  gyro  wheel;  the  spur 
gear  on  the  spl nnlng .shaft  engages 
the  spur  gear  on  the  gyro  wheel 


Eg? 


HAND  TRIP 
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spindle;  the  pinion  on  the  unlocking 
gear  train  is  engaged  with  the 


SPINNING  GEAR 

DURATION  ADJUSTMENT  FEATURE 

FI6.26 

teeth  In  the  unlocking  rack;  the 
Impulse  valve  is  held  clear  of  its 
seat  and  the  unlocking  spring  Is 
placed  under  a  heavy  compression 
by  the  respective  bell  cranks  and 
the  gyro  Is  ready  for  a  spin. 

27.  Upon  launching  of  the  torpedo 
and  when  the  starting  valve  lifts, 
a  blast  of  air  at  flask  pressure 
1 8  admitted  through  the  Impulse 
valve  and  the  turbine  nozzles. 
While  the  turbine  wheel  Is  being 
sp6n,  the  unlocking  rack  actuated 
by  the  unlocking  gear  train  travels 
toward  the  unlocking  bar  until, 
at  the  end  of  Its  travel,  the  toe 
of  the  unlocking  rack  pushes  the 
unlocking  bar  clear  of  the  spinning 
shaft  sleeve,  at  which  time  the 
pressure  of  the  releasing  spring 
against  the  spring  bell  crank, 
augmented  by  the  force  exerted 
by  the  Impulse  valve  stem  aga/lnst 
the  toe  on  the  valve  bell  crank, 
causes  the  Instant  withdrawal  of 
the  spinning  shaft  sleeve ,. disengag¬ 
ing  the  spur  gears  and  unlocking 
gear  pinion,  closing  the  Impulse 
valve,  and  finally  withdrawing 
the  centering  pin,  at  which  time 
the  spinning  gyro  Is  free  to  take 
up  any  direction  with  respect  to 
the  gyro  pot,  thus  having  accom¬ 
plished  the  purpose  of  the  spinning 
and  unlocking  mechanism  for  the  run. 


™_pallbt_mbchanism 

(Plate  35) 

28.  The  system  by  means  of 
which  the  directive  force 
of  the  gyro  wheel  Is  relayed 
to  the  steering  engine  valve 
for  application  with  multi- 
pl led  power  to  the  gyro 
rudders,  Is  termed  the  pallet 
mechanism.  This  mechanism 
Is  so  arranged  In  coordi¬ 
nation  with  the  cam  on  the 
cam  plate  attached  to  the 
outer  glmbal  ring  that  the 
rudders  are  operated  to  correct 
the  deviation  recorded  by  the  gyro. 

29.  The  complete  pallet  mechanism 
Is  carried  on  the  top  plate  and 
Is  so  arranged  that  motion  will  be 
transmitted  from  the  gyro  to  the 
steering  engine  valve  without  set¬ 
ting  up  a  disturbing  torque  with 
consequent  precession  of  the  gyro. 

30.  This  Is  accomplished  by  Inter¬ 
mittent  light  contact  of  small  cam 
pawls  with  the  cam  or  concentric 
ridges  carried  on  a  cam  plate  which 
Is  rigidly  secured  to  the  outer 
glmbal  ring  of  the  gyro. 

31.  The  cam  pawls  are  carried  on  a 
small  shaft,  the  pallet  shaft,  with 
bearings  In  a  holder  secured  to  a 
movable  slide  to  which  reciprocating 
motion  1 8  Imparted  by  a  cam  gear 
driven  from  the  torpedo  propcllor- 
shaft  and  two  spring  loaded  actuat¬ 
ing  plungers.  A  small  pallet  blade 
is  attached  to  the  upper  end  of  this 
shaft. 

32.  Thus  it  will  be  seen  that  when 
the  cam  pawls  are  moved  toward  the 
gyro  and  the  torpedo  course  differs 
on  either  side  of  the  axis  of  the 
gyro,  one  of  the  pawls  will  have 
moved  Into  line  with  and  will 
contact  the  cam,  imparting  a  slight 
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rotary  movement  to  the  pallet  shaft 
"1th  consequent  angular  movement  o  f 
the  pallet  blade. 

33.  On  the  other  hand,  when  moved 
to  position  away  from  the  gyro,  the 
pallet  blade,  in  position  imparted 
through  this  movement,  will  contact 
one  of  the  pallet  p««ls  which, 
through  a  connecting  linkage  will 
move  the  steering  engine  valve  to 
bring  the  torpedo  course  In  line 
with  the  axis  of  the  gyro. 

34.  Moving  the  cam  pawl  toward  the 
gyro  when  the  torpedo  course  coin¬ 
cides  with  the  gyro  axis,  will  cause 
the  pawls  to  straddle  the  cam,  thus 
centering  the  pallet  blade,  in  which 
position  the  blade, will,  when  moved 
to  position  away  from  the  gyro,  pass 
between  the  points  of  the  pallet 
pawls . 

35.  The  cam  pawls  (Figure  27)  are 
made  In  one  piece  with,  and  extend 

at  right  angles 
from,  the  ends 
of  a  central  hub 
but  on  d  1  f  ferent 
planes,  so  that 
when  one  paw  1 
touches  the  c  am 
or  cone  e  ntrlo 
ridge,  the  opposite  pawl  will  be  on 
a  plane  with  and  engage  in  the 
adjacent  groove,  thus  permitting  the 
angular  movement  of  the  cam  pawl. 

36.  The  ends  of  the  pawls  are 
machined  In  the  form  of  blunt  hooks, 
the  inner  sides  of  which  are  para¬ 
llel  to  the  axis  of  the  hub  and 
dimensioned  so  as  to  straddle  the 
cam  on  the  cam  plate  with  a  minimum 
clearance.  A  hole  is  drilled  through 
the  center  of  the  cam  pawl  hub  by 
which  it  Is  fitted  and  pinned  to  the 
pallet  shaft. 


37.  The  pallet  shaft  (Figure  2b) 
Is  machined  with  bearing  surfnees  on 


FIG.  2S 


each  end,  the  surfaces  being  lapped 
Into  a  bearing  In  the  pallet  holder. 
A  small  recess  is  milled  lengthwise 
about  midway  of  the  shaft, into  which 
Is  fitted  a  small  leaf-spring,  the 
purpose  of  this  spring  being  to 
cause  a  slight  drag  between  the 
shaft  and  the  holder  when  assembled, 
and  thus  prevent  chattering  with 
resultant  erratic  deflection  per¬ 
formance. 

38.  Clamped  to  the  upper  end  of 
this  shaft  is  the  pallet  (Figure  29). 

The  pallet  lain 
effect  a  blade 
extending  f  r  o  m  a 
hub  drilled  to  fit 
over  the  end  o  f 
the  pallet  s  haft  . 
It  1  8  clamped  to 
the  pallet  shaft 
by  means  of  a  clamp 
screw  passing 
through  the  spl  1  t 
PALLET  end  panet 

pl®  2®  hub  opposite  the 

blade. After  clamp¬ 
ing,  the  screw  Is  locked  with  a  nut. 

39.  The  pallet  shaft  with  cam  pawl 
and  pallet  assembled,  Is  carried  in 
a  bearing  sleeve  In  the  pallet 
holder. 

40.  The  pallet  holder  (Figure  30) 
is  a  vertical  bearing  sleeve  machin¬ 
ed  at  right  angles  to  a  rectangular 
bronze  body,  the  sides  of  which  are 
machined  with  a  sliding  fit  for 
Insertion  in  the  pallet  slide. 
Holes  are  drilled  and  tapped  In 
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each  end  of  the 


rectangular  por¬ 
tion  In  which 
screws  are 
inserted 
for  adjust¬ 
ing  the  po- 


sition  of 
the  pal  let 
holder  on 
the  pal  let 
slide.  An 
elongat¬ 
ed  8  1 O  t  IS 
machined  through  the  flat  side  of 
the  pallet  holder  through  which  a 
screw  Is  inserted  for  clamping  the 
pallet  holder  in  the  pallet  slide. 


t 

PALLET  HOLDER 

FIG.  30 


41.  The  pallet  holder  is  carried 
in  a  channel  machined  on  the  upper 
side  of  the  pallet  slide.  The 
pallet  slide  (Figure  31)  is  a 
rectangular  steel  member,  one  end  of 


PALLET  SLIDE! 

FIG. 31 

which  is  "T"  shaped  to  afford  bear¬ 
ing  surfaces  for  two  actuating 
plungers  and  pallet  slide  stops. 
A  hardened  steel  Insert  is  dove¬ 
tailed  into  one  end  against  which 
the  cam  gear  acts  in  imparting 
motion  to  the  slide.  A  large  hole 
is  drilled  through  the  bottom  of 
the  slide  for  insertion  of  the 
bearing  sleeve  on  the  pallet  holder 
with  sufficient  clearance  to  permi  t 
limited  adjustment  of  the  pallet 
holder  in  the  slide.  Two  squared 


projections  are  extended  from  the 
bottom  of  the  slide  against  which 
the  heads  of  the  pallet  holder 
adjusting  screws  bear.  A  hole  is 
drilled  and  tapped  in  the  bottom  of 
the  slide  for  the  pallet  holder 
clamp  screw.  The  bottom  and  sides 
of  the  slide  are  machined  and 
scraped  with  a  sliding  fit  in  the 
channel  in  the  top  plate  in  which 
it  is  assembled  so  that  the  "T" 
end  is  held  longitudinally  between 
two  spring  loaded  actuating  plungers 
and  two  stop  pins  riveted  to  the  top 
plate,  the  slide  being  retained  on 
the  top  plate  by  a  cover  (pallet 
slide  cover). 

42.  The  pallet  slide  cover  (Figure 
32)  is  suitably  machined  to  fit  over 
the  pallet  slide  on  the  top  plate 


PALLET  SLIDE  COVER 

FIG. 32 


to  which  it  is  secured  with  four 
screws.  A  slotted  bracket  projects 
at  right  angles  from  the  inner  end 
of  the  cover  to  form  the  support  for 
the  pallet  bell  crank  bearing.  Two 
posts  are  riveted  to  the  outer  end 
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of  tlie  cover  for  the  pallet  pa*l 
pivots.  Three  pins  are  rivetfed  to 
the  cover  In  appropriate  locations 
for  restricting  the  throws  of  pallet 
and  pallet  pawl,  and  holes  are 
drilled  through  the  cover  for  pallet 
6haft,  for  access  to  pallet  holder 
adjustment  clamp  screw  and  for  oil 
to  pallet  slide. 

43.  There  are  two  Pallet  Pawls 
which  are  referred  to  as  right  hand, 
(figure  33A)  and  left  \ and  pallet 
pawls  (Figure  33B) .  These  pawls  are 


r 

ADJUSTING  SCSCW 


fitted  on  pivot  pins  riveted  to 
the  pallet  slide  cover  and  are  cross 
connected  by  an  adjusting  screw 
engaging  adjusting  links  on  the  pawl 
arms.  The  ends  of  the  pallet  pawl 
arms  are  fitted  with  pins  for 
attaching  the  adjusting  links.  The 
left  hand  pallet  pawl  is  consider¬ 
ably  larger  across  the  pawl  end  to 
allow  sufficient  stock  for  drilling 
and  tapping  a  hole  for  the  extender 
holding  screw.  The  extender  (Figure 
33C)  Is  machined  to  fit  On  top  of 
the  left  hand  pallet  pawl  to  which 
it  is  secured  with  one  holding  screw. 
A  pin  is  riveted  to  the  other  end  of 
the  extender  to  which  the  link 
(Figure  33G) ,  transmitting  pallet 


motion  to  the  bell  crank, is  connect¬ 
ed.  As  above  stated,  the  pallet 
pawl  arms  are  connected  together  b  y 
two  adjusting  links  (Figure  33E) 
Interconnected  by  an  adjusting  screw 
(Figure  33F) ;  the  adjusting  links 
being  suitably  machined  to  fit  over 
pins  on  the  pallet  pawl  arms  and 
threaded  right  and  left  hand  for 
the  adjusting  screw  ( which  is  simi¬ 
larly  threaded)  with  facilities  for 
clamping  adjustments.  The  end  of 
the  adjusting  screw  is  slotted  for 
Insertion  of  a  screw  driver  when 
adjusting. 

44.  Motion  Is  transmitted  from  the 
pallet  mechanism  to  the  steering 
engine  valve  through  a  bell  crank 
(Figure  33D)  pivoted  on  the 
extended  bracket  of  the  pallet 
slide  cover .Engaging  in  a  slotted 
portion  of  this  bell  crank  Is  t  he 
ball  end  of  the  boll  crank  arm 
(Figure  34 A)  extending  from  the 
valve  rock  shaft  (Figure  34C) 
having  bearings  on  the  mechanism; 
a  valve  connection  arm(Flgure  34B) 
attached  to  the  other  end  of 
this  shaft  Is  coupled  to  the 
steering  engine  valve  link. 

45.  The  bell  crank  arm  and  the 
valve  connection  arm  are  fitted 
and  pinned  Into  holes  drilled  In 
the  valve  rock  shaft  and  adjusting 
head  for  rock  shaft  (Figure  34D) 
respectively.  The  valve  rock 
shaft  Is  made  In  two  parts,  the 
rock  shaft  and  adjusting  head, 
each  capable  of  limited  rotary 
movement  on  the  other  for  central¬ 
izing  the  valve  with  the  pallet, 
with  facilities  for  clamping  the 
adjustments.  The  rock  shaft  is 
supported  in  a  bearing  machined 
on  a  bracket  extending  from  the 
drlvihg  gear  bracket  and  suitably 
located  for  engagement  of  the 


bell  crank  arm  In  the  bell  crank 
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nnd  connection  of  the  valve  arm 
to  the  steering  engine  valve. 

46.  As  previously  stated,  recipro¬ 
cating  motion  is  Imparted  to  the 
pallet  slide  by  a  cam  bevel  gear 
(Figure  35)  and  two  spring  loaded 
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FIG. 35 

actuating  plungers  (Figure  36) 
located  on  the  top  plate. 

47.  The  car?  bevel  gear  rotates 
on  a  stud  in  the  center  of  the 


axis  of  the  top  plate.  Rotary 
motion  Is  imparted  to  It  by 
a  small  bevel  pinion  (Figure  37) 


FIO.3-7 

machined  on  a  shaft  running 
In  a  stationary  bearing  bracket 
(Figure  38)  attached  to  the  pot. 


BEARING  BRACKET*  CAP 

FIG  38 

This  shaft  In  turn  Is  connected 
through  the  medium  of  a  shaft 
squared  on  both  ends  with  a  gear 
driven  from  a  pinion  on  the  forwn  rd 
propeller  shaft.  Thus  it  will 
be  seen  that  rotation  of  propeller 
shaft  will  be  transmitted  through 
gearing  on  the  drive  shaft  to 
bevel  pinion  and  bevel  pinion  to 
cam  bevel  gear;  the  cam  bevel 
gear  giving  oscillating  motion 
to  pallet  slide. 

STEERING_ENGINE 

(Figure  39) 

18.  The  steering  engine  is  the 
means  ‘ >  which  the  directive  force 
of  the  gyro  Is  multiplied  to  give 
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DIAGRAMMAT1C  VIEW  OF 


Pi*.  33 


sufficient  power,  for  effective 
operation  of  the  steering  rudders 
to  correct  deviation  recorded  by 
the  gyro. 

49.  This  engine  has  a  single 
cylinder  of  1*  bore  and  suitably 
machined  and  lapped  for  the  Inser¬ 
tion  and  movement  of  a  piston.  The 
piston  Is  operated  by  the  admlssl  on 
of  air  at  reduced  pressure  at  either 
end,  air  being  admitted  through  a 
valve  operated  by  the  pallet  mechan¬ 
ism  as  described  above. 

50.  The  steering  engine  is  attach¬ 
ed  to  the  starboard  upper  side  of 
the  gyro  pot  with  two  holding  screws, 
recesses  being  machined  on  the 
cylinder  to  fit  the  rectangular  lugs 
extending  from  the  gyro  pot. 

51.  A  valve  chamber  liner,  fitted 
Into  a  hole  drilled  parallel  with 
and  below  the  engine  cylinder,  pro¬ 
vides  the  necessary  annular  grooves, 
valve  seats  and  ports  for  air  entry 
and  exhaust  from  the  cylinder 
through  the  valve,  whlch^slldes 
therein. 


52.  The  valve  Is  machined  with 
three  grooves,  the  center  groove 
controls  the  air  to  the  cylinder, 
the  outer  grooves  direct  the  flow  of 
exhaust  air  Into  the  afterbody 
through  holes  pointing  downward  and 
away  from  parts  which  might  be 
affected  by  the  air  current.  Air  is 
furnished  to  the  engine  through  a 
nipple  which  Is  screwed  and  sweated 
on  the  cylinder  directly  In  line 
with  a  central  groove  machined  on 
the  outside  diameter  of  the  bushing. 
Holes  are  drilled  through  the  bush¬ 
ing  at  this  point  through  which  air 
passes  to  the  central  groove  of  the 
valve  and  thence  upon  moving  the 
valve  In  either  direction,  Into  the 
working  end  of  the  cylinder,  thus 
moving  the  piston. 

53.  The  piston  and  rod  are  machin¬ 
ed  in  one  piece.  The  end  of  the 
piston  rod  is  threaded  and  is  screw¬ 
ed  Into  the  forked  connection  for 
the  steering  rod.  Two  wide  groov  e  s 
are  machined  around  the  circumfer¬ 
ence  of  the  piston  in  which  are 
fitted  the  four  piston  rings.  A 
narrow  groove  between  these  grooves 
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communlcafes  by  radial  holes  with  an 
axial  hole  drilled  throughout  the 
length  of  the  piston  rod  to  relieve 
any  air  leaking  by  the  piston  rings. 

54.  The  piston  rod  passes  through 
a  stuffing  box  machined  in  the  after 
end  of  the  cylinder,  packed  with 
asbestos  wlcking  held  in  place  by  a 
gland,  the  gland  being  locked  from 
turning  by  a  keep  screw* 

55.  The  length  of  the  piston 
stroke  in  the  cylinder  and  conse¬ 
quently  the  total  angle  of  the 
rudder  throws  is  regulated  by  means 
of  the  adjustment  of  a  thickness 
washer  slipped  over  the  end  of  the 
piston  rod  between  the  piston  and 
the  after  end  of  the  cylinder,  thus 
limiting  the  stroke  of  the  piston  to 
the  desired  rudder  throw. 

56.  The  forward  end  of  the  cylin¬ 
der  is  closed  by  a  cylinder  head,  a 
washer  being  Interposed  between  the 
head  and  cylinder.  A  lock  washer  Is 
held  against  the  cylinder  head  with 
a  set  screw  to  prevent  loosening  up 
of  same. 

STEEBING_LINfc 

57.  The  steering  line  is  that 
portion  of  the  vertical  rudder 
operating  mechanism  between  the 
steering  engine  and  rudders.  The 
motion  of  the  steering  engine  piston 
is  transmitted  through  a  steel 
rudder  rod  connecting  from  the  fork 
on  the  end  of  the  steering  engine 
piston  rod  to  a  rudder  connection 
passing  through  a  stuffing  box  in 
the  after  bulkhead,  thence  through 
an  adjustable  extension  to  the 
rudder  yoke  on  which  the  inner  ends 
of  the  vertical  rudders  are  secured. 
Thus  it  will  be  seen  that  with  the 
steering  engine  piston  moving  aft, 
the  rudder  rod  is  being  pushed  in 
the  same  direction  changing  the 


angle  of  the  rudder  yoke  with  a 
consequent  movement  of  the  vertical 
rudders  to  the  left.  Forward  move¬ 
ment  of  the  piston  will  have  the 
reverse  effect. 

58-  The  Mark  13  torpedo  has  its 
vertical  rudders  abaft,  the  pro¬ 
pellers,  therefore  vertical  rudder 
posts  secured  to  the  rudder  yoke 
having  lever  arms  attached  to  their 
outer  ends  connected  by  rudder  arms 
to  similar  lever  arms  on  the  verti¬ 
cal  rudders  transmit  the  motion  of 
the  steering  engine  to  the  vertical 
rudders. 

59.  The  adjustable  extension  of 
the  steering  rod  between  the  bulk¬ 
head  connection  and  the  rudder  yoke 
furnishes  facilities  for  equalizing 
the  right  and  left  positions  of  the 
rudders  by  lengthening  or  shortening 
same,  in  the  same  manner  as  already 
described  for  the  horizontal  rudder# 

KAIUEB-EQR-SDSIAIMlNG-IiiE-imilAL 
mQCIU-QE-IHE-GXEO-KKEEl-BX 
COMPRESSED _ A IR_AI_ LOW _PBES SURE 

60.  Air  for  this  purpose  is 
supplied  from  the  air  strainer 
at  approximately  450  lbs.  per  square 
inch  to  the  gyro  reducing  valve 
where  it  is  further  reduced  to  125 
lbs.  per  sq.  in.  From  there,  it 
Is  conveyed  to  the  top  pivot  of 
the  gyro  and  through  passages  in 
the  outer  glmbal  ring  to  the  bear¬ 
ings  and  centers  of  the  inner  gimba.l 
ring, thence  through  nozzles  arranged 
at  appropriate  angles  for  impinging 
upon  the  buckets  machined  in  the 
gyro  wheel.  Tilth  the  advent  of 
this  installation,  it  became 

necessary  to  hood  the  gyro  wheel 
to  prevent  air  currents  from 
striking  the  gimbal  rings  with 
attendant  disturbing  torques  and 
resultant  precession  of  the  wheel. 
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61.  The  gyro  reducing  valve  (Figure 
40)  Is  composed  of  a  circular  compo¬ 
sition  body, on  the  lower  end  of  which 


FIG.  40 


is  an  extended  bracket  for  attaching 
to  the  gyro  housing.  A  hole  is  drill¬ 
ed  In  the  central  portion  of  the 
body  Into  wh'lch  tl^e  valve  Is  fitted 
by  lapping.  An  annular  groove  mach¬ 
ined  near  the  lower  end  of  this  hole 
permits  the  entry  of  Inlet  air  around 
the  valve  stem.  A  large  shallow  re¬ 
cess  machined  In  the  lower  end  of  the 
valve  body  contains  the  seat  for  the 
roduclng  valve  diaphragm.  The  upper 
end  of  this  recess  Is  dished  out  to 
permit  sufficient  space  for  the  vol¬ 
ume  of  air  necessary  to  operate  the 
valve  and  for  the  passage  of  reduced 
air  to  the  outlet  nipple,  the  recess 
being  threaded  to  fit  similar  threads 
on  the  diaphragm  follower  plug. 

62.  The  reducing  valve  and  stem  Is 
lapped  Into  the  hole  above  the  annu¬ 
lar  Inlet  groove  In  the  reducing 
valve  body.  The  lower  diameter  of 
the  valve  Is  reduced  to  permit  the 
passage  of  air  to  the  space  over  the 
diaphragm,  which  Is  rigidly  secured 
to  the  valve  against  a  shoulder  of 
reduced  diameter  and  held  In  place  by 
a  washer  and  nut.  The  outer  circum¬ 
ference  of  the  diaphragm  is  clamped 
to  its  seat  In  the  body  by  the  follcw- 
er  plug.  The  upper  end  of  the  valve 
extends  through  the  body  at  a  reduced 
diameter  which  Is  threaded  for  an 
adjusting  and  clamp  nut.  A  heavy 


spring  Is  Inserted  over  the  valve 
stem  and  compressed  between  its 
seat  on  the  body  and  a  washer  on 
the  valve  stem,  the  compression 
being  adjusted  by^ineaos  of  the 
adjusting  nut  on  the  valve  stem, 
after  which  the  adjustment  is 
locked  with  the  clamp  nut.  Inlet 
and  outlet  pipes  are  secured  and 
soldered  into  the  valve  body. 

63.  Upon  entry  of  air  through  the 
Inlet  connection  of  the  gyro 
reducing  valve,  it  passes  around 
the  valve  seat  down  around  the 
space  above  the  diaphragm,  moving 

the  valve  and  stem  down  against  the 
compression  of  the  valve  spring, 
until  the  air  pressure  exerted  on 
the  diaphragm  and  the  spring  tension 
equalize  each  other.  The  air  allow¬ 
ed  to  pass  the  valve  when  in  this 
position,  Is  tho  reduced  pressure 
used  to  sustain  the  velocity  of  the 
gyro  wheel.  The  pressure  Is  usually 

adjusted  to  126  lbs. 

64.  The  air  passes  from  the 
reducing  valve  to  a  nipple  on  the 
side  of  the  gyro  pot,  thence  through 
a  small  passage  drilled  In  the  pot 
to  the  top  bearing  holder. 

TOP.  m_TB _CMTBR iMOMIGB 

65.  As  previously  stated,  angle 
fire  devices  are  not  provided 
in  the  Mark  13  torpedo  design.  How¬ 
ever, due  to  tolerances  in  machining, 
etc.,  It  Is  difficult, if  not  imposs¬ 
ible,  to  assemble  a  gyro  In  a 
torpedo  so  that  Its  axis  will  be 
parallel  with  the  torpedo  axis. 
Therefore,  in  order  that  proper 
centering  may  be  effected,  means  are 
provided  for  limited  movement  of  the 
top  plate  with  the  pallet  mechanism 
In  azimuth  about  Its  bearing  in  the 
gyro  pot. 

66.  The  centering  adjustment  is 
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accompl lshed  by  turning  a  small 
worm  mounted  in  a  bearing  attached 
to  the  right  side  of  the  gyro  pot 
Just  Inside  of  the  vertical  steering 
engine.  This  worm,  through  engage¬ 
ment  with  teeth  of  a  segment  of  a 
gear  cut  around  the  right  side 


circumference  of  the  top  plate,  will 
cause  the  top  plate  to  turn  in  any 
direction  desired  until  proper 
adjustment  is  obtained,  after  which 
the  adjustment  may  be  locked  by  a 
clamp  nut  on  the  forward  end  of  the 
centering  worm  spindle. 
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Inner  Gimbal  Ring  Bearings 
and  Centers 

Cam  Plate 

Inner  and  Outer  Gimbal  Ring 
Bearing  Clearances 
Gyro  Balancing 
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CHAPTBR  VIII 

Mark  12-1  Gyroscope 


(Plate  36) 


1.  The  gyroscope  used  in  the 
Mark  13  and  modification  torpedoes 
is  designated  the  Mark  12-1. 

GBNBRAL_BS3CBimC8 

2.  The  function  of  the  gyroscope, 
as  Installed  in  the  torpedo,  is  to 
maintain  the  torpedo  on  the  firing 
course  throughout  its  run. 

3.  This  is  accomplished  by  (1) 
the  gyroscope  which  is  composed  of 
a  gyro  wheel  arranged  so  as  to  be 
free  to  spin  about  Its  axis,  free  to 
turn  about  the  horizontal  axis  at 
right  angles  to  the  wheel  axis,  and 
free  to  turn  about  a  vertical  axis, 
thus  having  three  degrees  of  freedom 
on  8  ix  bearings?  (2)  this  gyroscope 
receiving  its  initial  rotation  by  a 
rotor,  the  shaft  of  which  Is  geared 
directly  to  the  wheel,  spinning  same 
up  to  a  high  Initial  velocity  by 
compressed  air  with  facilities  for 
au toma tic  release  when  spinning; 

(3)  a  means  provided  for  sustaining 
the  velocity  of  the  gyro  wheel 
throughout  the  run  of  the  torpedo; 

(4)  an  air  operated  steering  engine 
which  transmits  power  to  operate  the 
rudders;  (5)  a  mechanism  driven  by 
the  propeller  shaft  which  operates 
the  steering  engine  valve,  the 
direction  of  movement  being  control¬ 
led  by  relative  movement  of  the 
outer  girabal  ring  with  respect  to 
the  torpedo  axis;  (6/  a  housing  in 
which  the  gyro  is  assembled  and  to 
which  pertinent  mechanism  is 
attached . 


4.  Inasmuch  as  the  various  units 
mentioned  in  the  above  paragraph  are 
described  in  the  preceding 
chapters,  this  chapter  will  be 
confined  exclusively  to  a  descrip¬ 
tion  of  the  gyroscope. 

5.  The  gyroscope  is  composed  of 
the  following  parts: 

£a2-Tt>e_*bee2_aL.d.  SPiDd l?i 

This  is  a  thick  rimmed  monel  metal 
wheel  accurately  balanced  on  its 
spindle  or  axis  and  rotating  in  the 
central  plane  of  the  gyroscope. 

<^..Tbfl.lODer_glrpbal_rlngi 

The  inner  gimbal  ring  Is  the  ring 
in  which  the  gyro  wheel  rotates  and 
is  so  arranged  by  means  of  adjust¬ 
able  bearings  that  the  gyro  wheel 
may  be  accurately  balanced  to 
rotate  In  its  central  plane,  at 
right  angles  to  the  line  Joining 
these  bearings;  pivots  are  rigidly 
secured  to  this  ring  for  trans¬ 
mitting  the  weight  to  the  outer 
gimbal  ring. 

( c2.Ibe.outer_simbal_rlng : 

The  outer  gimbal  ring  is  the 
frame  which  encircles  and  supports 
the  gyro  and  inner  gimbal  ring 
assembly,  this  assembly  being 
mounted  between  adjustable  bearing  s 
in  the  horizontal  plane;  the  ring 
itself  is  supported  through  its 
vertical  axis  on  centers  engaging 


in  adjustable  Lesrir.cs  1  r.  fixed 
mounting  (gyro  housing) 

torpedo. 

IHB_GYRO_WHEEL_AND_SPI NDL8 
(Figure  II) 

6.  The  gyro  wheel  anti  spindle 


U - to 


GYRO  WHEEL  AND  SPINDLE 

FIG  41 


are  Integral.  The  wheel  Is  machined 
with  a  flat  circumference,  around 
the  central  portion  of  whim  112  saw 
tooth  buckets  are  projected  *066 
above  the  flat  rim.  Spur  gears  are 
cut  on  Increased  diaiMtmrs  or  the 
spindles  at  each  end.  on-*  of  which 
meshes  with  a  similar  spur  gear  on 
the  rotor  spindle  during  . n  l  t  1  n  1 
spin  of  the  wheel.  Ax'*! 
drilled  In  the  ends  of  the  wheel 
spindle  Into  which  hard- - 
steel  pivots  are  inserted  fore 
fit.  After  the  insertion  of  these 
pivots,  the  wheel  is  trued  up  and 
the  pivots  ground  and  polished.  A 
small  hole  Is  drilled  be> -<nd  the 
axial  holes  for  the  pivot,  in  order 


that  a  small  quantity  of  oil  may 
e  Introduced  prior  to  forcing 
the  pivots  In  their  holes,  and  thus 
facilitate  the  removal  of  worn 
pivots  for  replacements. 

»0T«:  -  »f  pt*ata  ikaill  b« 


THB _I NNBR_OIMBAL_R I NG 
(Figure  42) 

7.  As  will  be  noted  from  Plgure 
42  the  inner  glmbal  ring  Is  machined 


INNER  GIMBAL  RING 

FIG.  42 

in  the  form  of  a  hood.  This  design 
Is  Intended  to  prevent  air  currents 
thrown  off  by  the  wheel  from  strik¬ 
ing  the  glmbal  rings  and  thereby 
setting  up  deflecting  forces  on  the 
sensitive  parts  of  the  unit.  The 
Inner  glmbal  ring  may  be  turned  360 
degrees  In  Its  bearing  In  the  outer 
;imbal  ring  without  Interference, 
thus  preventing  the  gyro  from 
tumbling  through  contact  with  the 
outer  ring  or  cam  plate  in  case  the 
' orpedo  rolls  heavily  at  the  start 
of  the  run.  The  Inside  of  the  Inner 
glmbal  ring  is  dimensioned  to  the 
contours  of  the  gyro  wheel  with 
ample  clearances  around  the  wheel 
■hen  centered  In  ring.  The  ring 
Is  made  In  two  sections  lapped 
together,  doweled  and  secured  with 
screws  to  flanges  extended  from 


lETa.i  me* 
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centers  of  each  section.  Depressed 
seats  are  machined  In  these  flanges 
In  which  are  fitted  the  Inner  glmbal 
ring  centers.  Holes  are  drilled 
through  the  center  of  each  depressed 
seat  for  Inner  glmbal  centers,  at 
appropriate  angles  for  the  sustain¬ 
ing  air  to  strike  the  buckets  on  the 
periphery  of  the  gyro  wheel  with 
best  effect  for  constant  spin.  In 
the  center  of  the  Interior  of  each 
section  Is  a  boss  which  is  drilled 
and  tapped  for  the  gyro  wheel  bear¬ 
ings;  the  outer  diameter  of  this 
boss  on  the  after  half  of  the  glmbal 
ring  Is  threaded  to  receive  the 
balance  nut  used  in  balancing  of 
the  gyro,  small  screw  holes  being 
tapped  through  this  end  for  the 
Insertion  of  balance  nut  clamp 
screws.  Sections  are  cut  away  above 
and  below  the  wheel  bearing  bosses 
for  access  of  Impulse  gear 
to  mesh  In  spur  gear  on 
gyro  wheel  spindle  and  for 
access  to  the  balance  nut. 

Assembly  mark  "0"  Is  stamped 
on  the  flange  of  one  sec¬ 
tion  of  the  glmbal  ring  for 
use  In  lining  up  assembly 
In  outer  glmbal  ring.  A 
small  reference  mark  "0"  Is 
stamped  In  the  cut  away  seo- 
tlon  on  the  balance  nut  end 
for  reference  In  locating 
the  position  of  the  balance 
nut. 

OUTER  GIMBAL  RING 

(Figure  43) 

8.  As  previously  stated, 
the  outer  glmbal  ring  en¬ 
circles  and  supports  the  gyro  and 
inner  glmbal  ring  assembly.  To 
facilitate  the  assembly  or  removal 
of  the  Inner  glmbal  ring  from  the 
outer  glmbal  ring  without  affecting 
the  adjustments  of  the  inner  glmbal 
ring  bearings,  removable  sleeves  are 


installed  through  holes  in  the  hori¬ 
zontal  axis  of  the  ring  and  secured 
against  flanged  seats  by  holding 
screws;  the  Interior  of  these  sleeves 
is  threaded  for  the  Insertion  of  the 
Inner  glmbal  bearings;  the  width  of 
the  outer  glmbal  ring  is  Increased 
In  the  wake  of  these  sleeves  to  form 
seats  for  securing.  '  Depressed  seats 
are  machined  on  the  top  and  bottom 
sides  of  the  outer  glmbal  ring 
through  Its  vertical  axis  for  the 
outer  glmbal  ring  pivots.  The  upper 
face  of  the  outer  glmbal  ring  is 
machined  for  attaching  the  cam 
plate,  a  circular  lip  being  extendod 
3/32*  above  the  flat  surface  to 
facilitate  the  centering  of  same. 
Holes  are  drilled  through  the 
upper  section  of  the  ring  for  the 
passage  of  air  to  the  side  bearing 
sleeves  and  Inner  glmbal  centers 


OUTE1P  GIMBAL  RING 
FIQ. 


to  sustain  constant  spin  of  the 
gyro. 

GIRQ_WHBEL_CENTERS_AND_ BEARINGS 

9.  In  order  that  the  gyro  wheel 
bearings  may  be  capable  of  withstand- 
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ing  the  load  placed  upon  them  with  a 
minimum  of  friction, three  point  ball 
bearings  made  Just  large  enough  to 
support  this  load,  plus  shocks  that 
may  be  expected  when  launching  the 
torpedo,  is  used  In  the  Mark  12-1 
gyroscope.  These  bearings  are  so 
designed  that  radial  and  end  thrust 
will  be  transmitted  from  the  ball 
path  on  the  centers  through  six  1/8' 
balls,  and  absorbed  in  a  bearing  cup 
having  a  radial  and  end  thrust  ball 
path,  thus  having  three  points  upon 
which  the  balls  contact. 

WHEEL_CENTBRS 

(Figure  44) 

10.  Figure  44  shows  the  wheel 
centers  used  In  the  Mark  12-1  gyro; 


WMECL-CENIER 
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as  previously  stated,  these  centers 
are  forced  Into  axial  holes  In  the 
gyro  wheel  after  which  they  are 
ground  and  polished  In  the  true  axis 
of  the  wheel.  As  will  be  noted 
holes  are  drilled  partially  through 
the  centers,  the  purpose  of  which  Is 
to  obtain  a  uniform  hardening. 

WHBBL_BEARINGS 

(Figure  45) 

11.  The  wheel  bearings  are  machin¬ 
ed  In  the  form  of  plugs  threaded  on 
the  exterior  diameters  to  fit  simi¬ 
lar  threads  In  the  inner  glmbal 
rings.  Ball  cups  are  machined  In 
the  inner  ends  of  these  plugs  to 
form  radial  and  end  thrust  paths  for 


the  wheel  bearing  balls  to  roll  on, 


FIG. 45 


the  surfaces  of  these  paths  being 
ground  and  highly  polished.  The 
outer  end  of  one  bearing (Figure  45A) 
Is  extended  at  a  reduced  diameter 
and  drilled  and  lapped  for  the 
Insertion  of  the  centering  pin  when 
the  gyro  Is  In  the  locked  position; 
this  bearing  Is  known  as  the  "A"  or 
locking  end  bearing.  The  outer  end 
of  the  other  bearing  (Figure  45B) 
known  as  the  "B"  or  free  end  bearing 
Is  ground  flat.  Four  holes  are 
drilled  through  the  bearing  near  Its 
circumference,  two  of  which  are 
tapped  for  the  clamp  screws  of  th  e 
bearing  locking  discs,  the  other  two 
being  holes  for  the  locating  dowels 
of  these  discs.  Circular  discs 
(Figures  45C  and  45D)  of  a  suitable 
diameter  to  extend  over  the  bearing 
cups  and  seat  against  the  inner  gim- 
bal  ring  form  an  effective  lock  of 
the  gyro  bearings  by  means  of  two 
dowel  pins.  To  lock  the  bearings 
the  two  clamp  screws  are  set  up 
until  the  locking  discs  take  up  on 
the  glmbal  ring  with  sufficient 
friction  to  prevent  turning.  It 
will  be  noted  that  holes  drilled 
through  the  centers  of  these  discs 
differ  In  diameter,  otherwise  the 
discs  are  the  same;  sufficient 
weight  being  added  by  the  extended 
socket  for  the  centering  pin  on  the 
locking  end  of  the  bearing,  and  the 
unthreaded  exterior  of  the  wheel 
bearing  boss  In  the  locking  end 
section  of  the  glmbal  ring  to  com¬ 
pensate  for  the  weight  of  the  bal¬ 
ance  nut,  and  thus  permit  balancing 
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of  the  wheel  In  the  center  of  the  ring.  As  will  be  noted,  this  bear- 
inner  glmbal  ring.  lng  Is  made  up  In  three  parts  jflrst. 


innbr_gimbal_ring_bbarings 

12.  Glmbal  bearings  used  In  the 
Mark  12-1  gyro  are  commercial  bear¬ 
ings  of  the  radial  type^suff lclently 
rugged  to  withstand  shock  of  dis¬ 
charge  and  yet  permit  of  trunnion 
sensitivity.  These  bearings  have 
only  one  point  of  contact  on  the 
Inner  and  outer  ball  races  under  any 
condition  of  loading. 

INNBRGIMBALRIHG^CBNTBRS 

(Figure  46) 

13.  Figure  46  shows  the  Inner 
glmbal  ring  centers  used  In  the 


PIQ46 


Mark  12-1  gyro.  These  centers  are 
secured  In  depressions  machined  In 
the  Inner  glmbal  ring.  As  will  be 
noted,  each  center  has  a  small  axial 
hole  drilled  through  it,  through 
which  constant  spin  air  Is  led  (in  a 
manner  to  be  described).  Thin  paper 
washers  are  Interposed  between 
centers  and  depressed  seats  to  pre¬ 
vent  air  leakage. 

INNBR  GIMBAL  RIHGSLBBYBSAND 
"bearings 

14.  Figure  47(a)  shows  the  commer¬ 
cial  ball  bearings  used  In  the 
Mark  12-1  gyro  to  support  the  Inner 
glmbal  ring  In  the  outer  glmbal 


FIG  47 


the  Inner  race,  which  Is  held  on  the 
Inner  glmbal  ring  center  by  a  push 
fit,  then  the  3/16"  balls  which  are 
spaced  by  a  brass  retainer  ring,  and 
normally  held  In  place  on  the  Inner 
race  by  the  balls  being  entered  In 
an  annular  groove  on  Its  periphery 
and  held  In  this  groove  by  the 
retainer  ring  (thus  when  assembling 
or  disassembling  these  bearings  the 
balls  on  retainers  are  removed  or 
replaced  as  a  unit  with  inner  race), 
and  finally  the  outer  race,  the 
latter  being  a  relatively  thin 
cylindrical  shell  of  hardened  steel 
•1th  Its  ball  path  so  arranged  that 
radial  thrust  together  with  such 
small  amount  of  end  thrust  as  may  be 
present  when  a  gyro  processes  will 
be  absorbed  In  this  race.  Figure  47 
(b)  shows  the  Inner  glmbal  ring 
bearing  sleeve  used  with  this  bear¬ 
ing.  The  Inside  wall  of  the  Inner 
end  of  this  sleeve  Is  machined  for  a 
sliding  fit  of  the  outer  bearing 
race, the  outer  Inside  diameter  being 
threaded  to  fit  an  adjustable  plate, 
(Figure  47(c)  which  may  be  adjusted 
through  the  locking  disc.  Figure  47 
(d) ,  by  turning  the  adjusting  plate 
through  the  locklmg  disc  counter¬ 
clockwise  In  the  direction  toward 
which  adjustment  Is  to  be  made,  and 
then  following  up  by  turning  the 
opposite  locking  disc  clockwise  the 
same  amount  until  the  desired 
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adjustment  is  obtained.  Figure  48 
shows  the  Inner  gimbal  ring  bearing 
assembled;  note  that  the  projecting 


INNER  GIMBAL  RING 
5LEEVE  *  REARING  ASSEMBLY 

FIQ.4Q 

rib  on  the  adjusting  plate  enters 
the  axial  hole  in  the  inner  gimbal 
ring  centers,  and*  that  a  hole  is 
drilled  diagonally  through  the 
flange  of  the  inner  gimbal  ring 
bearing  sleeve,  thus  permitting 
the  passage  of  constant  spin  air 
from  holes  drilled  in  the  outer 
gimbal  ring  through  the  hole  in  the 
flange  of  the  sleeve  to  the  space 
between  the  locking  disc  and  the 
adjusting  plate,  through  the  hole  in 
the  projecting  ribs  of  the  adjusting 
plate  and  Into  the  axial  hole  in  the 
gimbal  ring  center  from  whence  it  is 
directed  through  holes  drilled  in 
the  inner  gimbal  rings  to  the  saw 
tooth  buckets  on  the  periphery  of 
the  gyro  wheel.  Thin  paper  washers 
are  interposed  between  the  seats  of 
the  sleeve  and  the  gimbal  ring  and 
the  seat  between  the  locking  disc 
and  the  sleeve,  and  the  locking  disc 
screw  heads  are  lapped  into  their 
seats  in  locking  disc  to  prevent 
the  leakage  of  constant  spin  air 
through  these  seats  during  a  run. 

0UTER_G IMB ALR I NG_ BEARINGS 

15.  Outer  gimbal  bearings  are  of 
the  commercial  " Radial *  type  identi¬ 
cal  with  the  bearings  used  for  the 


inner  gimbal  rings,  except  for  the 
method  of  mounting  and  adjusting 
which  are  described  in  detail  below. 

OUTER  GIMBAL  RING"‘CENTERS 


16.  Upper  center  is  Identical  with 
center  shown  in  Figure  44  previously 
described.  Lower  center  is  shown  in 
Figure  40(a) ;  this  center  is  some¬ 
what  longer  than  the  upper  center 
and  has  a  conical  end; the  additional 
length  is  necessary  as  the  gyro  and 
gimbal  assembly  is  supported  in  the 
vertical  plane  by  this  center,  the 
end  of  which  contacts  a  spring 
button  on  the  lower  ( shock  absorber) 
bearing;  the  end  of  the  center  is 
machined  to  a  short  cone  in  order  to 


FIG  -49 
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reduce  the  contacting  surface  of 
the  center  with  the  spring  button  to 
a  minimum  with  resultant  reduction 
of  friction.  Figure  49(b)  shows  the 
upper  outer  gimbal  bearing  holder. 
The  commercial  ball  bearing  shown  in 
Figure  47(a)  is  used  both  for  the 
top  and  bottom  outer  gimbal  bearing. 
Figure  49(c)  shows  the  lower  bearing 
holder;  this  bearing  holder  *is  ad¬ 
justable  to  control  end  play.  The 
weight  of  the  gyro  is  taken  at  the 
point  where  the  end  of  the  lower 
center  rests  against  a  small  spring 
loaded  plate,  which  acts  as  a  shock 
absorber  and  also  is  for  the  purpose 
of  keeping  the  balls  clear  of  the 
curved  contact  surface  on  the  outer 
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ball  race,  thereby  having  radial 
contact  only,  at  this  bearing.  The 
reason  for  the  introduction  of  this 
feature  Is  that  the  gyro  is  pot 
sufficiently  sensitive  about  Its 
vertical  axis  If  the  balls  of  the 
lower  bearing  run  on  the  curved  path 

of  the  outer  ball  race. 

THB_CAM_PLATB 

(Figure  50) 

17.  The  cam  plate  Is  a  circular 
bronze  disc  secured  to  the  top  of 
the  outer  global  ring  by  four  screws 


and  two  locating  dowels.  The  pallet 
cam  Is  secured  to  the  outer  circum¬ 
ference  of  the  cam  plate  In  line 
with  the  axis  of  the  gyro  wheel,  and 
serves  to  throw  the  pallet  blade  to 
right  or  left  as  the  torpedo  changes 
Its  direction  with  regards  to  the 
gyro,  giving  right  and  left  rudder, 
respectively.  The  rim  of  the  cam 
plate  is  further  machined  with  con¬ 
centric  ridges  and  grooves,  so  that 
the  cam  pawl  will  be  thrown  in  the 
direction  necessary  to  restore  the 
torpedo  to  the  course  on  which  the 


top  of  the  pallet  will  straddle  the 
cam;  the  continuity  of  these  ridges 
and  grooves  is  broken  in  the  vicin¬ 
ity  of  165°  either  side  from  the 
location  of  the  cam. 

CLBARANCBS 

18.  The  amount  of  end  play  allowed 
In  the  wheel  bearings  and  Inner  and 
outer  glmbal  bearings  Is  held  to 
very  close  limits,  especially  so  1  n 
the  wheel  bearings. 

WHggL  BBARING  CLEARANCES 

19.  Wheel  bearing  clearance 
cannot  be  measured  by  means 
of  a  micrometer.  Therefore, 
and  In  order  to  obtain  a 
means  for  moasurlng  the 
bearing  friction,  this  Is 
accomplished  by  the  use  of 
a  small  pendulum  (Tool  414A) 
which  can  be  clipped  to  the 
spur  gears  machlnod  on  the 
gyro  wheel  hub  and  which 
produces  a  sufficient 
oscillating  force  so  that 
If  the  wheel  bearings  have 
the  proper  clearance,  this 
pendulum  will  make  from  5 
to  7  swings  from  an  Initial 
position  of  contact  with 
the  edge  of  the  inner  glm¬ 
bal  ring  to  the  position  of 
rest,  the  gyro  wheel  being  free  to 
oscillate  about  Its  bearings  during 
the  test.  This  test,  to  be  reliable, 
should  be  made  shortly  after  the 
wheel  bearings  have  been  thoroughly 
cleaned  and  supplied  with  fresh  gyro 
oil.  If  the  oscillations  are  too 
great,  the  clearance  Is  decreased  by 
setting  up  on  the  wheel  bearing  cups 
through  the  medium  of  the  locking 
discs  and  If  the  cups  are  all  ready 
too  tightly  adjusted,  additional 
clearance  Is  Introduced  by  unscrew- 
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ing  the  cups.  This  oscillation  test 
Is  extremely  sensitive  and  Is  the 
only  practical  method  of  obtaining 
wheel  bearing  clearance  In  these 
gyros.  Even  the  slightest  change 
of  wheel  bearing  sens  1 1 1 v 1 1 y Is 
shown  up  In  the  number  of  swings 
the  pendulum  will  make  beforecoming 
to  rest  from  Its  Initial  starting 
position  In  contact  with  the  side  of 
the  glmbal  ring  at  the  spinning  gear 
slot. 

20.  The  above  method  of  determin¬ 
ing  wheel  bearing  clearance  has  a 
decided  advantage  In  that  it  permits 
measuring  this  clearance  at  any  time. 
When  one  considers  that  1  f  the 
weight  of  the  gyro  wheel  Is  permit¬ 
ted  to  move  OP 003  from  Its  true  mid- 
position,  precesslve  effect  on  the 
gyro  is  equivalent  to  about  one  full 
turn  of  the  balance  nut,  ltls 
apparent  that  loose  wheel  bearings 
can  easily  Introduce  unsatisfactory 
deflection  performance. 

IHbEB_GIMBAL_SlMG.BEAaiNG.GI£AfiAflfifi3 

21.  The  clearance  or  play  or  the 
Inner  glmbal  ring  in  the  side  bear¬ 
ings  can  be  directly  measured  with  a 
dial  Indicator  by  setting  the  assem¬ 
bled  gyro  on  its  side  and  alter¬ 
nately  raising  and  lowering  the 
Inner  element  while  the  contact 
point  of  the  dial  indicator  Is 
setting  on  the  inner  glmbal  ring. 
This  end  play  of  the  inner  glmbal 
ring  in  the  side  bearings  should  be 
held  at  r005*  with  a  little  experi¬ 
ence  In  adjusting  gyros,  It  will  be 
possible  to  get  this  side  bearing 
clearance  very  accurately  by  "feet". 

QUlEB_GIifflAL_BIHG.B£ARINGimRAfiCES. 

22.  Vertical  clearance  or  play  of 


the  outer  glmbal  ring  in  the  verti¬ 
cal  bearings  Is  obtained  by  taking  a 
depth  measurement  from  the  bottom 
head  to  the  outer  glmbal  ring. 
Method  used  for  making  this  adjust¬ 
ment  will  be  found  In  Chapter  X, 
Part  VII X,  GYRO  MECHANISM. 

23.  It  Is  essential  that  when 
the  gyro  wheel  Is  Installed  in  the 
gyro  pot,  the  axis  of  the  wheel  be 
In  line  with  the  centering  pin 
In  the  spinning  gear  In  order  that 
when  the  centering  pin  Is  withdrawn 
after  spinning,  reactions  will  not 
be  set  up  which  will  tend  to  deflect 
the  gyro.  This  Is  accompl lshed  In  a 
manner  later  to  be  described  but 
which,  briefly,  measures  the  tilt  of 
the  Inner  glmbal  r  lng  Ins  lde  the  pot 

by  taking  depth  measurements  from 
the  bottom  head  to  the  two  ends  of 
the  Inner  glmbal  ring.  Any  adjust¬ 
ment  which  Is  necessary  to  obtain 
this  alignment  Is  attained  by  ad¬ 
justing  the  top  bearing  holder,  and 
there  oust  llkewlsobe  a  correspond¬ 
ing  adjustment  of  the  lower  bearing 
holder  In  order  to  obtain  the  proper 
end  play  of  the  outer  glmbal  ring 
and  its  bearings. 

GYBO. BALANCING 

23.  The  gyro  is  designed  and  built 
so  that  the  three  axes  of  rotation 
are  at  right  angles  to  eacn  other 
and  Intersect  at  a  point;  also  so 
that  the  center  of  gravity  of  the 
gyro  wheel  and  Inner  glmbal  ring 
(balance  nut  1-1/2  turns  "in"  from 
the  full  "out"  position)  taken 
Individually  and  collectively,  both 
lie  in  the  same  point,,  this  point 
being  the  point  of  Intersection  of 
the  three  axes  of  rotation.  The 
center  of  gravity  of  the  outer 
glmbal  ring  lies  In  the  vertical 
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axis  of  rotation  but  somewhat  above 
the  point  of  intersection  of  the 
three  axes,  due  to  the  weight  of  the 
cam  plate. 

25.  All  balancing  tests  which  are 
given  to  this  gyro  are  given  to 
obtain  the  above  conditions.  If  the 
above  conditions  are  obtained  and 
the  gyro  is  installed  in  a  torpedo, 
the  torpedo  will  run  in  a  straight 
line  at  the  equator  only.  At  other 
latitudes,  it  is  necessary  that  the 
balance  nut  be  moved  to  a  new  posi¬ 
tion  as  calculated  by  a  latitude 
formula,  the  latitude  used  being 
known.  The  latitude  correction  at 
Newport  is  between  0.4  and  0.5  turns 
of  the  nut  so  that  practically  all 
Mark  13  and  modification  torpedoes 
pass  the  proving  range  tests  with 
balance  nut  positions  of  1.9  and  2.0, 
as  modified  by  afterbody  pressure 
effect.  (This  subject  is  covered 
in  Bu.  Ord.  PamOhlet  Ifo.  627.  )•  In 
this  respect,  the  performance  of 
these  gyros  is  exceptionally  uniform. 

26.  When  gyros  are  Issued  from  the 
Naval  Torpedo  Station, Newport,  R.I., 
they  have  been  so  manufactured  that 
for  static  balance  the  balance  nuts 
are  1.5  turns  out  from  their  hard  up 
positions  on  the  inner  glmbal  ring 
bosses.  The  proper  conditions  of 
balance, as  defined  above  are  obtain¬ 
ed  when  the  three  axes  of  rotation 
intersect  at  a  point,  and  this  point 
is  the  location  of  the  center  of 
gravity  of  the  gyro  wheel  and  inner 
gimbal  ring  Individually  or  collect¬ 
ively;  also  the  center  of  gravity 
of  the  outer  ring  in  the  vertical 
axis  of  rotation.  This  condition 
of  balance  is  defined  as  "static 
balance".  With  the  proper  nut, 
the  torpedo  should  make  a  straight 
run  to  the  target.  The  final  balance 


nut  position  found  necessary  to  pass 
a  torpedo  on  the  proof  range  is 
entered  in  the  torpedo  record  book 
for  future  use. 

27.  With  the  gyro  in  static 
balance,  that  is,  with  the  balance 
nut  1.5  turns  from  the  hard  up 
position,  it  is  sometimes  difficult 
to  tell  whether  the  inner  glmbal 
alid  gyro  are  nut  end  heavy  or  light. 
This  i s  due  to  the  fact  that  the 
commercial  side  bearings  are  some¬ 
what  less  sensitive  than  the  earlier 
types  with  small  balls  and  no 
retainer  ring.  This  can  easily  be 
overcome  by  attaching  a  small  ball 
of  putty  (about  3  grains)  first  to 
one  end  of  the  hood  and  then  to  the 
other  end.  With  the  addition  of 
this  small  ball  of  putty,  the  two 
ends  should  move  downward  at  approx¬ 
imately  the  same  rate  when  this 
unit  is  properly  balanced. 

28.  It  is  obvious  that  any  change 
in  the  parts  of  a  gyro  after  it 
is  Issued  from  the  torpedo  station 
may  call  for  a  change  in  the  balance 
nut  due  to  variations  in  the  weight 
of  new  parts.  When  it  is  necessary 
to  install  new  parts  in  the  gyro, 
the  individual  parts  (inner  gimbal 
ring  or  outer  gimbal  ring)  should 
be  separately  balanced  to  insure 
that  the  basic  conditions  of  balance 
as  previously  outlined,  wiM  be 
fulfilled  when  the  gyro  is  com¬ 
pletely  assembled.  The  torpedo 
station  removes  metal  from  permiss¬ 
ible  surfaces  as  necessary  to 
obtain  proper  balance.  It  appears 
extremely  doubtful  that  such 
an  expedient  would  have  to  be 
resorted  to  in  the  ordinary  servicing 
of  a  gyro.  The  above  outlined 
principles  of  gyro  balancing 
should  obtain  however,  but  no 
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person  should  be  allowed  to  remove 
metal  Trora  any  part  of  a  gyro  unless 
those  principles  are  thoroughly 
unders  tood . 

29.  When  It  becomes  necessary 


to  remove  metal  from  a  gyro  to 
obtain  balance,  such  metal  should 
be  removed  from  the  outer  surfaces 
of  the  locking  discs  rather  than 
the  glmbal  ring  Itself. 
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Aijustments  and  Tests 

Preliminary  Adjustments 

Final  Adjustments 

Preparation  for  a  War  Shot 

Routine  Upkeep  for  Fully  Ready  Torpedo 

Treatment  After  a  Run 

General  Information  -  Aircraft  Torpedoes 
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CHAPTER  IX 


r-ag 


1.  Preliminary  adjustments  are 
made  to  ascertain  that  there  are  no 
lnaks,  and  that  various  controlling 
units  will  function  properly  as 
received  from  overhaul,  also  to 
check  coincidence  and  reference 
marks  together  with  index  dials 
f.nu  pointers  for  alignments  and 
accuracy.  With  preliminary  adjust¬ 
ments  completed  the  torpedo  is 
ready  for  the  final  adjustments  to 
be  made  prior  to  a  run. 

2.  It  will  be  noted  that  symbols 
(capital  letters )  are  used  to 
designate  the  oils  and  greases 
having  application  in  the  various 
steps  of  the  adjustments.  For 
explanation  of  these  symbols,  see 
Paragraph  tt,  Chapter  X. 

3.  Preliminary  adjustments  should 
be  made  with  the  torpedo  resting  on 
a  truck  or  chocks,  with  the  exercise 
head  removed,  located  under  a  chain 
hoist. 

4.  Equipment  tools  and  supplies 


required  for  use  in  making  prelimi¬ 
nary  adjustments: 

Torpedo  truck  or  chocks 
Hoisting  strap  (short) 

Safety  strap 

•Torpedo  testing  set  with  wing  nut 
Two  (2)  propeller  locks 
Pressure  gauge  (portable ) 

Tools  required: 

Supply  and  ready  tools,  numbers  of 
which  are  listed  in  the  right  hand 
margin  opposite  each  stop. 

Supplies  required: 

Tail  packing  compound  -  (G) 

Hot  running  torpedo  oil  —  (B) 

Light  lubrication  oil  —  (C) 

Gyro  oil  -  (A) 

Small  quantity  of  gasoline  (cleaning 
strainers) 

The  above  material  (except  gasoline) 
is  listed  in  the  torpedo  allowance 
for  vessels. 

•  O.iar.l  t  •  4 1  »»■•!•  ir  •vellaHw. 


PRELIMINARY  ADJUSTMENTS 


CHARGE  AIR  FLASK  IQQL.NQ. 

(1)  Place  torpedo  right  side  up  on  truck  or  chocks . 

(2)  Put  on  propeller  lock . 

(3)  Remove  water  compartment  filling  plug .  11 

(4)  Remove  fuel  filling  plug .  217,74 

(5)  Remove  charging  valve  plug .  13-14 


(6)  Rotate  starting  index  spindle  to  seat  starting 

pis  ton . 

(7)  Open  stop  valve;  see  air  release  mechanism  blow 

valve  closed . 


49,227 
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(8)  Install  charging  line  and  safety  strap . . . 

(9)  Charge  torpedo  air  flask  to  1000  pounds  air 
pressure;  if  final  adjustments  are  to  follow, 

flask  may  be  charged  to  desired  pressure . . . 

(10)  Close  stop  valve,  bleed  air  from  charging  line 

and  remove  safety  strap .  227 

DRAIN  AIR  FLASK 

(11)  Disconnect  air  pipe  from  blow  valve  to  exercise 
head  and  turn  torpedo  until  nipple  for  blow 
valve  pipe  is  on  its  lowest  point;  open  blow 
valve  and  drain  water  from  air  flask, close  blow 


valve  and  reconnect  air  pipe  to  exercise  head .  24,49 

OIL  AND  CREASE 

(12)  Fill  oil  tank  with  hot  running  torpedo  oil  (B) . . .  13-14 

(13)  (Mark  13  torpedo)  Remove  after  propoller  and 
sleeve  with  bushings  to  properly  clean  and 

grease  the  tall,  and  replace . 

(a)  Remove  holding  screws  for  top,  bottom  and 

side  rails .  40 


NOTE:  -  It  is  good  practice  to  mark  screxs  for 
r eplacement  in  the  holes  from  mhich  removed. 

(b)  Remove  side  rails  and  rudder  arras . 

(c)  Remove  depth  rudders . #. . . . . . 

(d)  Remove  bottom  rail  and  rudder  arms......... . 

(e)  Remove  lower  steering  rudder. . . . 

(f)  Remove  upper  rail, upper  steering  rudder  and 

rudder  support  body  assembly . . . . . 

(g)  Remove  holding  nut  and  after  propeller  and  183A 

sleeve  with  bushings,  wipe  the  bushings  and 

bearing  surfaces  clean,  apply  tall  packing 
compound  (0)  on  all  bearing  surfaces  and 

replace  bushings  on  sleeve,  redove  grease  184 

packing  screw  from  end  of  inner  propeller 
shaft.  With  grease  gun  fill  with  tail  pack¬ 
ing  compound  until  compound  begins  oozing 
out  around  propeller  shaft  grease  ring 
(approximately  5  oz.  ).  Replace  grease  plug. 

When  replacing  after  propeller  sleeve,  note 


that  assembly  narks  on  the  end  of  after  462 
propeller  shaft  and  sleeve  are  in  line  ;  481A 
replace  holding  nut  and  set  up  tight . . .  183A 


(h)  Reassemble  rudder  support  body  with  rudders, 
rudder  arms  and  rails  in  the  reverse  order 
of  disassembly  as  given  in  step  (l 3)  (a)  to 
(f)  inclusive  above. 
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NOTE.  -  The  rudder  rails  are  numbered  from 
1  to  4  and  similar  numbers  are  stamped  on 
the  rudder  connection  Parts  assembled  with 
or  in  the  rails •  In  assembling,  it  is  nec¬ 
essary  that  parts  of  similar  numbers  be 
a s sembled  together  in  order  that  a  proper 
fit  may  obtain.  One  side  of  each  rudder 
arm  is  machined  xith  an  undercut  throughout 
its  length  to  relieve  drag  of  these  arms 
against  the  rails;  in  assembly  it  is  impor¬ 
tant  that  the  undercut  side  face  toward  the 
rails. 

( 1 3^0  (Mark  13  Modification  torpedoes)  Remove  after  183 

propeller  and  sleeve  with  bushings,  wipe  bush¬ 
ing  and  bearing  surfaces  clean  with  rags.  Rub 
grease  (C)  on  both  sides  and  all  bearing  sur- 
f  aces ,  replace  bushings  on  sleeve,  remove 

grease  packing  screw  from  end  of  Inner  propel-  184 

ler  shaft.  With  grease  gun  fill  until  bearings  462 

will  take  no  more.  Replace  grease  packing  4R1A 

screw.  Assemble  propeller  and  sleeve  in  place, 

noting  assembly  marks  on  end  of  sleeve  and  , 

shaft.  Put  on  lock  nut  and  set  up  tight. . 

(14)  Fill  tall  bearing  with  tall  compound  (0) . 13-14,481B 

(15)  Fill  forward  propeller  hub  with  tail  com¬ 
pound  (G> .  40,481B 

(16)  Remove  drain  plugs  In  afterbody  and  tall  and 

let  drain .  13-14 

(17)  Remove  hand  hold  plates .  200,48 

CLEAN  AND  OIL  CHECK  VALVES  AND  STRAINERS 

• 

(18)  Remove  fuel  and  water  air  checks,  clean  and 

blow  off  with  air,  oil  ( gyro  oil  (k))  and  re¬ 
place . 12,74,405 

(19)  Remove  fuel  and  water  delivery  checks,  clean 
and  blow  off  with  air,  oil  (gyro  oil  (k))  and 

replace  . 74,406,407 

(20)  Remove  fuel  and  water  strainers,  wash  out  with 
alcohol  or  gasoline,  blow  off  with  air.  Note 

that  mesh  is  clean,  replace .  372A.405 

CHECK  SPEED  RING 

(21)  Remove  and  check  thickness  of  speed  ring, 
should  be  lr.  accordance  with  record  book.  Set 

up  on  speed  ring .  12 
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CHECK  AND  ADJUST  DEPTH  CONTROL  MECHANISM  TOQL_NO. 

(22)  Turn  torpedo  bottom  up.  Test  atmospheric  chamber  92,11,461 

for  leaks,  using  test  fixture  Dr. No.  173758 . 48,410,409 


(a)  Install  test  connection  with  gauge  in  atmos¬ 
pheric  chamber. 

(b)  Connect  test  pump,  pump  to  15  lbs.  pressure 
and  check  for  leaks. 

(  c)  Remove  test  pump  and  connections  and  turn 
torpedo  upright. 

ROTE:  If  atmospheric  chamber  will  not  hold  15 
lbs ■  Pressure  for  5  min.,  renew  diaphragm  and 
repeat  test. 


(23)  Remove  air  strainer  and  install  adapter . 12,372A,191 

(24)  See  stop  valve  closed, install  testing  set  (Dr. No. 

79646)  in  charging  valve  and  connect  with  adapter 

in  8 trainer  body .  227, 141A 


(2#  Check  alignment  of  depth  rudders  with  zero  lines 
of  rudder  support  body  on  Mark  13  torpedo  and 
tail  cone  on  Mark  13  Modification  torpedoes, 
working  rudders  by  hand  (I op  surface  of  rudders 
should  line  uP  with  zero  lines) . 

(26)  With  transportation  screw  In  place,  turn  air  on 
(450  lbs. per  so.  in.)  and  note  position  of  valve 
in  relation  to  valve  stop.  The  mid-graduation 
should  be  in  alignment  with  reference  mark  on 
the  valve  stop;  if  not,  unclamp  and  adjust  valve 

to  that  position .  246A 

(27)  With  transportation  screw  in  place  and  air  on, 
check  neutral  position  of  depth  rudders  in  the 
tall.  This  should  be  half  division  down  in 
Mark  13  torpedo  and  one  and  one  half  down  in 
Mark  13  Modification  torpedoes,  if  not,  loosen 
clamp  screw  in  rudder  adjusting  rod.  Remove 
connecting  screw  and  turn  rudder  adjusting  eye 
in  the  direction  desired.  It  will  be  noted  that 
one  half  turn  i8  the  minimum  amount  this  eye  can 
be  turned  for  alignment  with  the  forked  end  of 
the  steering  rod  connection.  Reconnect  and 

clamp  the  adjustment .  13-14 

(28)  Set  depth  index  to  10  feet .  135A 

(29)  Put  on  hoisting  strap  and  hoist  torpedo  clear  of 

truck . 

(30)  With  access  plug  removed,  install  screw  hook  and 
weight;  16  lbs.  for  Mark  13  and  modifications 


except  10  lbs.  for  Mark  13-1  torpedoes  from  411B 

register  no.  14543  to  register  no.  14614 .  411A 

(3D  Remove  transportation  pin .  49 

(32J  Place  spirit  level  on  top  center  of  air  flask 

and  level  torpedo . 
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(33)  Open  stop  valve.  Maintain  450  lbs.  of  air  pres-  227 

sure  during  test........ . . . 

(34)  With  torpedo  level,  the  mid -graduation  on  depth 

engine  valve  connecting  rod  should  center  on 
reference  mark  on  valve  stop.  Put  on  or  take 
off  tension  on  the  depth  setting  spindle  to  cen¬ 
ter  valve  and  obtain  neutral  throw  of  the  rud-  135A 

ders.  Move  pendulum  back  and  forth  and  note 

that  valve  comes  to  rest  on  the  mid— graduation. . . . 


(35)  If  depth  index  does  not  read  10  feet  when  the 
valve  is  centered,  disengage  side  gear  spindle 

from  socket,  set  depth  index  dial  on  10  feet  and  135A 

reengage  spindle  with  socket.  Verify  adjustments .  472A 

(36)  Remove  weight  and  screw  hook . 411B,411A 

(37)  Replace  access  plug  and  washer  in  atmospheric 

chamber..... . . . . . . . .  11 


(38)  Set  depth  index  on  zero  and  with  air  on  depth 
engine  give  torpedo  a  tilting  test;  pendulum 
should  start  to  move  with  no  more  than  1/2 
degree  tilt  up  or  down  and  should  get  full 
travel  of  pendulum  at  2-1/2  degrees  of  tilt.  Use 

bevel  protractor...... . . . . .  135A 

(39)  Obtain  full  throw  of  rudders  (l  up  and  2  down, 

Mark  13  torpedo ;  1  up  and  4  down,  Mark  13  Modi¬ 
fication  Torpedoes)  by  moving  pendulum  by  hand 

against  stops . . . 

(40)  ( M hen  locking  device  is  used)  Check  to  see  that 
the  locking  fork  is  clear  of  and  does  not  inter¬ 
fere  with  valve  lever  when  locking  device  is 

unlocked . . . . . . . . . 

NOTE:  —  The  height  of  the  locking  fork  should  be 
adjusted  on  the  locking  slide  so  that  there  will 
be  no  interference  between  the  arms  of  the  fork 
and  the  pin  on  the  upper  end  of  the  valve  lever 
when  this  lever  is  moved  to  extreme  forward  or 
aft.  This  adjustment  is  made  by  loosening  the 
clamp  screw  and  moving  the  slide  in  either 


direction .  246A 

(41)  Replace  transportation  pin .  49 


CHECK  VERTICAL  RUDDER  ADJUSTMENT 

(42)  Adjust  vertical  rudder  throws  as  follows:  Move 
propellers  by  hand  until  pallet  is  in  its  fljrth 
est  position  from  pallet  cam;  with  air  on  engine, 
move  steering  engine  valve  in  either  direction 
by  hand  recording  vertical  rudder  throws  with 
vernier  scale;  vertical  rudder  throws  should  not 
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vary  more  than  one  unit  on  either  side  when 
properly  adjusted  and  should  average  18  for 
upper  and  13  for  lower  rudder  in  Mk.13  torpedoes 

and  33  for  upper  and  24  for  lower  rudder  In  44 

Mk.  13  Modification  torpedoes . 

(43)  Lower  torpedo  on  truck . 

(44)  Close  stop  valve .  227 

(45)  Disconnect  and  remove  test  set  and  adapter .  141A,191 

(46)  Wash  air  strainer  with  gasoline  or  alcohol,  blow 
off  with  air  and  replace  strainer  and  plug;  note 

washer  In  place .  372A,12 

(47)  Replace  charging  valve  plug  and  washer .  13-14 

TEST  GYRO  MECHANISM 

(48)  Replace  water  compartment  filling  plug .  11 

(49)  Turn  torpedo  bottom  up . 

(50)  Remove  gyro  clamp  plate  cover  and  gasket .  13-14 

(51)  Remove  gyro  bottom  head .  246A 


(52)  Note  that  gyro  top  plate  Is  properly  centered  on 

reference  pointer . 

(G3)  Wipe  gyro  pot  dry  inside  with  a  clean  eloth  . 

(54)  Turn  propellers  by  hand  to  move  pallet  and  cam 
pawls  to  extreme  after  position  away  from  the 
cam . 

(58)  Inspect  and  oil  (gyro  oil  (  k)  )  gyro  top  bearing . 

(56)  Lock  and  unlock  spinning  mechanism  by  hand  and 

note  freeness .  205A 

(57)  Inspeot  and  Install  . . 

(68)  Inspect  and  oil  (gyro  oil  (k))  gyre  bottom  head 

bearing; Install  gyro  bottom  head  with  zero  marks 
to  coincide . . 

(59)  Replace  drain  plug  with  washers  In  afterbody  and 

tall .  13-14 

(60)  Turn  torpedo  upright . 

(61)  Lock  and  unlock  gyro  by  hand.  Note  that  center¬ 
ing  pin  releases  freely  and  without  kick.  Check 
outer  glmbal  clearances  by  hand.  This  clearance 

should  be  between  010025  and  01005 .  205A 

NOTE:  -  Turning  the  torpedo  right  side  up  to 
inspect  the  proper  functioning  of  the  centering 
pin  in  the  spinning  mechanism  of  the  gyro  is 
absolutely  necessary  to  insure  the  proper  re¬ 
lease  of  the  gyro  from  locked  position .  The  gyro 
is  centered  in  the  pot  on  overhaul  • and  the  prop¬ 
er  clearances  on  its  top  and  bottom  bearings 
made,  but  the  gyro  rests  on  the  bottom  bearing 
and-is  fired  in  that  Position.  To  test  the  lock- 


-105- 


IQQL 

mg  and  releasing  mechanism  of  the  gyro  by  hand 
tuhile  the  gyro  pivots  on  the  top  bearing  is 
improper  because  this  is  not  the  normal  position 
of  the  gyro  for  release. 

(62)  Lock  gyro;  turn  torpedo  bottom  up;  Install  gyro 

clamp  plate  cover.  Turn  torpedo  upright .  205A,  13-14 

(63)  Place  gyro  engine  valve  to  approximate  mld-poal- 

tlon  by  hand;  remove  propeller  lock  and  turn 
propellers  by  hand  watching  the  gyro  engine 
valve  meanwhile;  If  the  valve  moves  the  top  plate 
Is  not  correctly  centered.  This  should  be  re¬ 
ported  to  the  Torpedo  Officer  for  action  by  him . . 

TEST  DEPTH  ENGINE  AND  VERTICAL  ST8ERING  ENGINB  WITH  AIR 


(64)  Install  dummy  Igniter  and  connect  pipe .  391*436 

(60)  Put  on  two  propeller  locks . . .  417 

(66)  Remove  transportation  pin,  put  In  replacement 

screw .  49 


(67)  Install  starting  gear  toggle  and  test  lift  re¬ 
quired  totrlpwlth  a  spring  scale;  should  release 
between  15  and  20  lbs.  Test  starting  gear  and 

hoist  torpedo  clear  of  truck . 

(66)  Have  tool  227  on  starting  gear  spindle  iwadyfor 


use .  227 

(69)  Trip  starting  spindle  arm . . . . . 

(70)  Open  stop  valve  smartly  thus  spinning  the  gyro . .  227 

(71)  Close  stop  valve . . .  227 


(72)  Remove  propeller  locks.  Open  stop  valve  slowly 
and  build  up  speed  of  main  engine  as  necessary 

for  proper  operation  of  pallet  mechanism. • 

(73)  Keep  tool  227  an  starting  fpar Index  spindle  for 

emergency  use .  227 

(74)  Swing  torpedo  In  aslmdth  and  up  and  down  noting 
movement  of  vertical  and  horlcontal  rudders. 

Snappy  throws  should  be  noted  on  both  sides  for 
the  vertical  rudders . . 

(70)  Rotate  starting  gear  Index  spindle  to  the  left 


to  cut  off  the  air .  227 

(76)  Close  stop  valve .  227 

(77)  Replace  propeller  lock . 

(78)  Remove  replacement  screw.  Replace  transportation 

screw . 49 

(79)  Disconnect  dummy  Igniter  pipe .  438 

(80)  Trip  starting  spindle  arm . 

(81)  Crack  stop  valve  by  hand  and  see  If  air  comes 

through  igniter  lead,  close  stop  valve .  227 
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MOTE:  This  check  will  prove  that  the  igniter 
lead  hasaot  been  crushed  when  assembling  after¬ 
body  to  air  flask. 

(82)  Rotate  starting  gear  spindle  to  seat  starting 

piston . 227 

(83)  Lower  torpedo  in  truck  or  chocks,  turn  torpedo 

hot  ton  up . . . . 

(84)  Permit  gyre  to  run  down  by  Itself . 

(86)  Remove  gyro  clamp  plate  eover .  13-14 

(86)  Remove  gyro  bottom  head .  246A 

(87)  Remove  gyro,  clean  and  return  to  gyro  case . 

(86)  Replace  gyro  bottom  head . 246A 

(89)  Replace  gyro  clamp  plate  cover  with  washer .  13-14 

(90)  Turn  torpedo  upright . 

(91)  Remove  water  compartment  filling  plug .  11 

(92)  Replace  fuel  filling  plug .  217,74 

(93)  Replace  water  compartment  filling  plug .  11 

(94)  Loosen  speed  screw  to  take  compression  off  the 

reducing  valve  spring . 12 

(96)  Replace  hand  hole  plates .  48 


The  above  completes  preliminary  adjustments  and  tests. 
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F I HAL  ADJUSTMENTS  MARK  13  AND  MO0 IF ICATION  TORPEDOES 


(а)  Ascertain  that  stop  valve  is  closed . 

OIL  AND  GREASE 

(2)  Remove  grease  packing  screw  from  end  of  Inner 
propeller  shaft.  With  grease  gun  fill  bearings 
with  tall  packing  compound  until  compound  begins 
oozing  out  around  propeller  shaft  grease  ring 
(approximately  o  ox.).  Replace  grease  packing 

screw . . 

(3)  Fill  tall  bearing  with  tall  packing  compound . 13 

(4)  Fill  forward  propeller  grease  cavity  with  tall 

packing  compound . 

(3)  Fill  oil  tank  with  hot  running  torpedo  oil  (B)  . 

Turn  propellers  by  hand  and  note  that  oil  pump 

takes  suction . . . 

(б)  Put  on  propeller  locks,  both  wire  and  standard . 

CHECK  STARTING  MBCHANISM 

(7)  Rotate  starting  par  index  spindle,  lining  up  on 

scribe  mark.  (A  distinct  click  should  be  heard) . 

(8)  Ascertain  that  unlocking  cam  clears  unlocking 
levor  m<\  that  starting  valve  la  closed,  install 

starting  gear  toggle  with  pins  and  cotter  pins . 

NOTE:  Starting  spindle  must  be  left  in  down 

position  ( flush  with  starting  gear  body)  and 
starting  toggle  inserted  by  removing  pin 
r 206254-5;  from  bracket  f 206264-2 ).  *en  replac¬ 
ed  pin  should  be  secured  by  cotter  pin.  (See 
step  8J. 

(9)  Install  starting  gear  toggle  lock;  place  leg  of 
lock  In  space  between  toggle  and  spindle  arm, 
assembling  locking  pin  Into  the  holes  in  toggle 
lock  and  lanyard  hole  In  toggle*  Secure  locking 

pin  with  two  cotter  pins . 

NOTE:  A  small  block  of  wood,  approximately  ene 
inch  square.  Painted  red  should  be  attached  to 
the  eye  on  one  of  the  cotter  pins  in  locking  pm 
with  a  piece  of  wire  to  serve  as  a  warning  that 
starting  toggle  lock  is  attached. 

(10)  Examine  speed  ring,  note  that  size  16  as  given 
In  the  record  book.  Replace  and  set  up  on  speed 

. . . . 

(11)  011  reducing  valve  (hot  running  torpedo  oil) . .  • 


TOOL  NO. 

227A 

184 
462  »48lA 

-14.481B 
40, 48  IB 

13-14 

227A 


92 


12 

13-14,94 
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CHARGE  AIR  FLASK 

(12)  Remove  water  compartment  filling  plug .  11 

(13)  Remove  fuel  lulling  plug .  217,74 

(14)  Remove  charging  valve  plug  and  note  that  leather 

washer  is  in  place .  13-14 

(10)  Install  safety  strap  on  wing  nut . 

(18)  Install  charging  lead  and  safety  strap.  Open  227A 

stop  valve  and  charge  to  1600  pounds.  Bleed  and 

disconnect  charging  line .  13-14 

(17)  Rotate  torpedo  until  nipple  from  air  flask  to 
blow  valve  is  on  the  bottom.  Tip  forward  end  of 
air  flask  down,  open  blow  valve  and  drain  flask 

of  water,  close  blow  valve .  49 

ATTACH  EXERCISE  HEAD 

(18)  Disconnect  and  remove  air  releasing  mechanism .  48,141A 

(19)  Hoist  exercise  head  into  alignment  with  the 
forward  Joint  of  the  air  flask  and  connect  pipe 
from  air  flask  blow  valve  to  nipple  on  exercise 

head  bulkhead .  141A 

(20)  Blank  off  lead  to  air  release  mechanism  in  head. 

Crack  air  flask  blow  valve  and  test  pipes  and  141A 

connections  for  leaks.  Note  that  no  air  escapes  49 

from  relief  valve  in  buoyancy  compartment  indi¬ 
cating  a  leak  in  the  piping.  Close  blow  valve 
and  remove  blank . 

(21)  Join  exercise  head  to  air  flask  and  secure  with  49 


holding  screws.  ROTE •  Care  should  be  exercised 
not  to  distort  the  pipe  from  air  flask  blow 
valve  to  head  when  Joining  the  exercise  head  to 
air  flask  . . 

(22)  Exercise  discharge  valve  by  hand.  Note  that  the 

valve  seats  properly  and  that  the  spring  is  not 
broken . 

(23)  Fill  forward  compartment  of  exercise  head  with 

fresh  water  . 

(24)  Calibrate  air  release  mechanism  to  prescribed 

pressure . 


(25)  Crack  air  release  mechanism  blow  valve  and  blow  49 

through  piping.  (Rote  that  there  is  no  restric¬ 
tion  in  pipes) . . . 

(26)  Attach  air  release  mechanism  to  air  line  in  head .  141A 

(27)  Open  air  flask  blow  valve  and  note  that  blow 

valve  is  seated  on  its  outboard  seat .  49 

NOTE:  The  Mark  26  exercise  head  uses  the  Mark  2 
air  releasing  mechani sm  that  has  to  be  cocked  by 
hand  with  tool  number  441.  Care  should  be  taken 
not  to  apply  side  force  when  lifting  the  cocking 
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tool  which  has  a  tendency  to  bind  the  valve 
stem.  Tkis  possibi /  would  result  in  the  failure 
of  the  exercise  head  to  alow  and  the  consequent 
loss  of  the  torpedo . . 

(28)  Test  air  release  mechanism  and  connection  by 

immersing  in  water.  If  no  leaks  are  found  around 
stem,  put  on  air  release  protection  cap.  Note 
that  washer  is  in  place  and  vent  hole  in  cap  i  s 
clear . 

(29)  Note  that  forward  bulkhead  is  tight  by  observing 
if  bubblea'  are  present  around  bulkhead  or  piping. 

(30)  With  air  release  mechanism  cocked,  secure  with 

leather  gasket  and  cover  plate.  (Note  that  gas¬ 
ket  is  evenly  in  place) . 

(31)  Install  torch  pot  in  torch  case,  using  leather 

gasket.  Secure  cover  evenly  in  place . 

( 32|  Inspect  washer  of  air  relief  valve  and  note  that 
it  is  in  good  condition  and  even  on  its  seat . 

NOTE:-  It  Particularly  important  in  Preparing 
the  exercise  head  for  firing  to  be  sure  that  the 
leather  gaskets  under  the  air  release  nechani  sn 
and  torch  case  are  tight.  If  they  are  not.  the 
head  may  not  blow  or  the  air  buoyancy  chamber 
may  be  flooded  and  the  torpedo  will  be  lost. 
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48 


IF  USING  TORPEDO  HEADLIGHT 

(33)  Remove  small  square  of  fibre  between  contact 

points  on  the  switch . 

(34)  Test  switch  mechanism  by  striking  the  side  of 

the  headlight  marked  "aft"  with  the  hand  to  see 
if  the  lamp  lights . 

(35)  Reset  switch  to  off  position  by  pushing  the 

switch  lever  with  the  finger  through  the  elon¬ 
gated  slot  in  the  headlight  body . 

(3(0  Install  the  headlight  in  the  forward  flange  of 
the  exercise  head,  using  a  gasket  shellacked 
evenly  in  place . 

CAUTION :  It  is  important  that  the  headlight  o  e 
installed  with  the  side  marked  "aft"  on  the 
after  side.  Otherwise  the  inertia  weight  will 
not  close  the  switch  and  the  headlight  will  not 
light. 

FINISH  CHARGING  AIR  FLASK 

(37)  Reconnect  charging  line  and  charge  torpedo  to 


2800  lbs .  227 A 

(  38)  Close  stop  valve . .  227A 


(  39)  Bleed  charging  line  and  remove  charging  line  and 
safety  strap . 
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(40)  Replace  charging  valve  plug .  13-14 

(41)  Open  stop  valve  \/2  a  turn .  227 


PREPARE  CHECK  VALVBS 

(42)  Remove  and  clean  fuel,  water  and  air  strainers . 12,406»372A 


(43)  Test  (manual ly)  action  of  fuel  and  water  deliv¬ 
ery  and  air  check  valves  and  replace  plugs . .  405»74 

(44)  If  check  valves  are  sluggish  In  seating  or  open-  12»74 

ing,  remove,  clean,  oil  (A)  lightly  and  replace .  405 


FILL  FUEL  AND  WATBR  COMPARTMBNTS 


(45)  Fill  fuel  compartment . 

(46)  Replace  fuel  filling  plug .  217»74 

(47)  Fill  water  compartment . 

(48)  Replace  water  compartment  filling  plug .  11 

DRAIN  COMBUSTION  FLASK 

(49)  Remove  dummy  igniter .  39lA 


(60)  Turn  torpedo  180  degrees  to  port,  see  combustion 
flask  drained . 

MOTE;  Keep  igniter  Itad  clear  of  combust  ion  pot 
while  turning  torpedo  to  prevent  liquidenter  ing 
igniter  lead. 

INSTALL  GYRO 


(51)  Remove  gyro  clamp  plate  cover .  13-14 

(52)  Remove  gyro  bottom  head .  246A 


(53)  011  top  bearing  using  gyro  syringe  and  gyro  oil  (A) 
(64)  If  necessary,  remove  propeller  lock  and  turn  pro¬ 
pellers  by  hand  until  cam  pawl  is  in  extreme 
after  position  sogyroean  be  installed.  Install 
gyro.  Oil  (A)  and  replace  bottom  head  with 
assembly  marks,  lock  and  trip  by  hand.  Rote 
freeness  and  movements  of  gyro,  also  cleasance. 
Lock  finally  and  see  that  finger  trip  is  flush 
against  pot  wall;  if  not,  the  gyro  is  not  fully 
locked,  so  release  again,  turn  spinning  gear  one 


and  one  half  turns  and  again  lock.  The  gyro  246A,205A 

should  now  be  fully  locked  as  evidenced  by  the 

finger  trip  being  against  the  pot  wall . .  13-14 


MOTE:  It  is  good  practice  to  cause  gyroscope 
assembly  to  revolve  on  its  upper  bearing  when 
installing  bottom  head,  thus  making  certain  that 
balls  and  bottom  bearing  are  lined  up. 


(55)  Replace  gyro  clamp  plate  cover  with  gasket 


13-14 
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CHECK  AFTERBODY  FITTINGS 

(56)  Check  Joint  screws  In  afterbody  and  tall .  49,386 

(57)  Check  lock  nut  for  after  propeller  sleeve .  183A 


(58)  Check  holding  screws  for  tail  rails  Mark  13  tor¬ 

pedo.  Check  holding  screws  for  spider  straps  to 
tail  blades  Mk.  13  (new  tail)  and  Mk.  13-1 
torpedo . 

(59)  Check  drain  plugs  in  afterbody  and  tail.  Kote 


that  washers  are  in  place .  13-14 

(60)  Note  that  gaskets  are  in  good  condition  and  in 

place  and  replace  hand  hole  plates .  48 

(61)  Turn  torpedo  upright . 

PREPARE  DEPTH  MECHANISM 

(62)  Set  depth  index  to  required  depth .  135A 

(03)  Remove  transportation  pin . 49 

(64)  Replace  replacement  screw,  note  that  washer  is 

in  place .  227A 

(65)  Open  stop  valve  wide . 

SOTS:  This  step  applies  only  to  planes  where 
installation  is  such  that  stop  valve  is  not 
accessible  with  torpedo  in  position  on  plane. 

For  all  other  types  of  plane  see  step  70* 


ATTACH  TORPEDO  TO  LAUNCHING  GEAR  ON  PLANE 

(66)  Holst  torpedo  to  rack . 

(67)  Insure  torpedo  is  properly  positioned  in  the 

rack  and  the  rack  is  properly  cocked . 

(68)  Lock  the  rack  or  provide  safety  strap  so  that 
torpedo  cannot  be  accidentally  released. (On  PBY* 


a  safety  strap  is  used.  On  TBD  's  a  safety  pin 

is  used  to  lock  the  rack) . 

(69)  Install  igniter .  391A 

(7 Q  Open  stop  valve  wide  (If  not  done  as  Step  68) .  827A 

(71)  Connect  igniter  lead .  438 

(72)  Check  tripping  lanyard  and  remove  star-ting 

toggle  lock,  locking  pin  and  painted  block .  92 

(73)  Remove  standard  propeller  lock . 

(74)  Recheck  check  off  list  carefully  to  make  sure 

that  no  step  was  omitted . 

(75)  At  the  last  practical  moment  remove  safety  strap 

or  safety  pin . . 
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PR^PARATIOK  FOR  A  EAR  SHOT 

IN  ADDITION  TO  PRELIMINARY  AND  FINAL  ADJUSTMENTS 

(1)  Place  torpedo  upright  on  truck  or  chocks... 


TOOL  NO. 


INSTALL  WARHEAD 

(2)  Remove  air  pipe  from  air  flask  blow  valve. .  141A 

(3)  Remove  steel  protecting  ring . . . .  49 

(4)  Clean  Joint  ring  and  coat  with  heavy  oil  (D) . . . 

(5)  Attach  warhead  to  air  flask  with  26  Joint  screws .  49 

(6)  Turn  torpedo  bottom  up . 

(7)  Remove  exploder  mechanism  base  plate .  49 


(8)  Thoroughly  clean  and  dry  exploder  mechanism  cas¬ 
ing . 

INSTALL  MARK  2  TETRYL  BOOSTER 

(9)  Remove  booster  from  container  and  replace  con¬ 
tainer  In  stowage  space . 

(10)  Install  booster  in  casing  with  recess  for  deto¬ 
nator  out . . . . 

(11)  Note  that  booster  Is  a  loose  fit  in  the  casing 

so  that  It  will  rest  on  the  detonator  when  tor¬ 
pedo  Is  turned  upright . . . 


INSTALL  EXPLODER  MECHANISM  ON  BASE  PLATE 

(12)  Remove  Mark  4-1  exploder  mechanism,  shaft,  and 

push  rod  from  container  and  replace  container  in 
stowage  space . - 

NOTE  The  number  of  the  base  plate  and  the  number 
of  the  exploder  mechanism  must  coincide. 

(13)  Install  spring  clip,  MFll,  on  spring  and  push 

rod  compressing  spring . 

(14)  Place  push  rod,  shoulder  end  down,  in  position 

in  diaphragm  lever  arm . 

(15)  Unci  ip  upper  worm  and  gear  from  drive  shaft, 

place  arrow  on  lower  gear  inboard  ( toward  worm) 
place  upper  worm  and  gear  in  mesh  with  gear  on 
transverse  shaft  and  pinion,  and  push  drive 
shaft  up  into  its  bearing.  Note  that  shaft  and 
upper  worm  and  gear  snap  together . 

(16)  Remove  three  holding  screws  and  lock  washers 

from  base  plate . . . 

(17)  Place  exploder  mechanism  in  place  on  base  plate 

noting  that  arrow  on  lower  gear  on  driving  shaft 
is  toward  worm  and  that  push  rod  extends  through 
its  guide . 
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(18)  Secure  exploder  aethanlsa  to  ba«e  plate  with 

three  holding  screws  and  lock  washers .  49,34 

(19)  Remove  spring  clip,  MFll,  from  spring . 

NOTE:  Nith  ant i count erminmg  device  disengaged 
there  should  be  from  f0oi  to  tooi  clearance  be¬ 
tween  push  rod  and  anticountermining  device  bell 
crank. 

TBST  RXPLODBR  HBCHANISM 

(20)  Remove  set  screw  and  idler  gear .  40 

(21)  Turn  aralng  gear  until  exploder  aechanlsa  is 

armed . . . . . 

(22)  Make  sure  that  clamp,  MF9,  la  In  place  on  guide 

posts . 

(23)  With  push  balance  test  pressure  against  firing 
ring  required  to  fire  the  aechanlsa.  9hould  be 


from  3-1/2  to  fl-l/2  pounds . . .  98 

(24)  Cock  and  unarm  the  exploder  aechanlsa  by  turning 
arming  gear  until  aralng  screw  Is  flush  with 

saae  and  scribe  Barks  are  In  alignment . 

(25)  Replace  the  idler  gear  and  set  screw .  40 

(26)  Reaove  six  screws  and  lapeller  guard .  40 

(27)  With  feather  gauge  test  pressure  required  to 
just  start  the  lapeller.  Should  be  from  12  to  20 

ounces . . .  MF7 

(28)  Replace  lapeller  guard  and  six  screws . . .  40 

(29)  Remove  claap,  MF9,  from  guide  posts . 


INSTALL  MARK  7  DETONATOR 

(30)  Reaove  detonator  and  safety  ehaaber  from  con¬ 
tainer  and  replace  container  In  stowage  space . 

(31)  Note  that  detonator  moves  freely  in  safety  chaa- 
ber.  Screw  out  one  turn  and  oil  with  drop  of 
gyro  oil.  Screw  back  In  and  line  up  scribe 

marks . . 

(32)  Install  safety  chamber  and  carrier  on  aechanlsa 

with  4  screws .  40 

INSTALL  MBCHANISN  AND  BASE  PLATE  IN  WARHEAD 


(33)  Install  good  rubber  gasket  on  seat  for  base 

plate . 

(34)  Grease  lapeller  shaft .  MFi 

(35)  Using  lifting  tools  insert  base  plate  and  mech¬ 
anism  In  head . 

(36)  Secure  base  plate  with  holding  screws .  49 


jool.no. 


LEAKAGE  TEST 

(37'  Remove  plug  in  base  plate  and  Install  adapter 

set  to  open  at  5  pounds . . . .  39 

(38)  Pump  5  pounds  air  In  exploder  casing  and  Inspect 
for  leaks  around  base  plate,  Impeller  shaft,  and 

diaphragm  plate.  Use  soapy  water . . . .  MF13 

(39)  Remove  test  set  and  replace  plug  and  washer . .  39 

(40)  Turn  torpedo  upright . . 

(41)  Load  torpedo  on  plane  In  accordance  with  final 

adjustments . . . . 


ROUTINE  FOR  UPKEEP  OF  FULLY  READY  TORPEDO 


TOOL  NO. 

DAILY 

(A)  IF  ATTACHED  TO  PLANE 

(1)  Secure  toggle  lock  to  toggle  and  starting 

spindle  . . . .  92 

(2)  Lower  torpedo  to  truck  or  chocks . * 

(3)  Gauge  and  boost  air  flasks  as  necessary . 

Q4)  Check  oil  level  In  oil  tank .  13 

(5)  Attach  torpedo  to  plane . . 

(B)  RELOAD  TORPEDOES 

(1)  Gauge  and  boost  as  necessary . 

(2)  Check  oil  level  In  oil  tank . . .  13 

WEEKLY 

(A)  IF  ATTACHED  TO  PLANE 

(1)  Secure  toggle  lock  to  toggle  and  starting 

spindle  arm . . . . . . . ■  • .  02 

(2)  Lower  torpedo  to  truck  or  chocks . . . . 

(3)  Turn  propellers  50  turns,  refill  oil  tanks . 

(4)  Repack  propeller  shafts  and  sleeves  with  grease .  462.481A 

(5)  Operate  depth  mechanism  from  0-50,  reset  to 

required  setting .  135A 

(6)  Attach  torpedo  to  plane..  .. . . . 

(B)  RELOAD  TORPEDOES 

(1)  Turn  propellers  50  turns,  refill  oil  tanks . 

(2)  Repack  propeller  shafts  and  sleeves  with  grease .  462,48lA 

(3)  Operate  depth  mechanism  from  0-50, leave  tension 

off  depth  spring . 135A 

MONTHLY 

fl)  Secure  toggle  lock  to  toggle  and  starting  spin¬ 
dle  arm,.,., . . . «.«••••••, . .  92 

(2)  Lower  torpedo  on  truck  or  chocks . . 

(3)  Close  stop  valve........ .  14 

(4)  Disconnect  and  remove  igniter.  Note  condition 
of  end  seal.  Replace  In  container  and  put  in 

stowage  space . - . . . 141A,391A 

(5)  Remove  afterbody  drain  plug  and  one  tall  cone 

drain  plug. . 13 

(6)  Turn  torpedo  bottom  up  draining  combustion 

flask  on  way  over . 

(7)  Remove  exploder  mechanism, detonator , and  booster . 

(a)  Remove  base  plate  holding  screws .  49 
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(b)  Remove  safety  chamber  and  detonator  from 
exploder  mechanism,  replace  in  container, 

seal  tightly  and  replace  in  stowage  space .  40 

( c )  Remove  booster  from  warhead,  replace  in 

container  and  replace  in  stowage  space . 

(d)  Place  base  plate  and  exploder  mechanism  in 

safe  stowage  space . 

(8)  Turn  torpedo  upright . 

(9)  Remove  check  valve  plugs,  work  and  oil  check 


valves,  and  replace  plugs .  405,74,12 

(10)  Remove  strainer  plugs,  remove  and  clean  air, 
fuel,  and  water  strainers  and  replace,  replace 

strainer  plugs .  405,372A 

(11)  Check  action  of  starting  gear . 

(a)  Remove  toggle  lock  from  toggle  and  starting 

spindle  arm .  92 

(b)  Trip  starting  spindle  arm . 

(c)  Rotate  starting  gear  index  spindle  through 

several  complete  revolutions .  227A 


(d)  Replace  toggle  lock  to  toggle  on  starting 

spindle  arm . 

(12)  Operate  depth  setting  mechanism  from  0-50  and 

return  to  required  setting . 

(13)  Remove  either  hand  hole  plate  and  swing  pendu¬ 
lum  back  and  forth  a  few  times  by  hand .  48 

(14)  Work  horizontal  rudders  a  few  times  up  and  down 
by  hand,  using  one  hand  on  each  rudder, with  the 

same  amount  of  force  on  each . 

(15)  Work  vertical  rudders  by  hand  using  same  method 

as  step  14 . .  •  •  ••  •  • 

(16)  Remove  propeller  lock,  turn  propellers  by  hand 
at  least  50  turns.  Listen  for  unusual  sound. 

Check  action  of  pallet  and  slide  to  see  that 
pallet  does  not  engage  pallet  pawls  with  gyro 

locked . 

(17)  While  propellers  are  being  turned  over  move 
vertical  steering  engine  control  valve  by  hand. 

Note  that  pallet  blade  does  not  strike  pallet 

pawls . 

(18)  Replace  propeller  lock . 

(19)  Lubricate  torpedo . 

(a)  Fill  oil  tanks . 


(b)  Fill  tail  bearing  with  tail  packing  compound .  482,481A 

(c)  Fill  forward  propeller  grease  cavity .  462,481B 

(20)  Crack  stop  valve .  13-14 

(21)  Turn  torpedo  bottom  up  draining  combustion 

flask  of  water . 


IQQL_NO. 


(22)  Inspect  gyro  and  gyro  mechanism . 

(a)  Remove  gyro  cover  plate,  unlock  gyro  by 

hand  and  remove  bottom  head .  246A, 13-14 

(b)  Remove  and  Inspect  gyro, noting  that  balance 
nut  Is  tight.  Apply  two  (2)  drops  of  gyro 

oil  In  each  bearing  using  syringe  furnished . 

(c)  Lock  and  unlock  spinning  mechanism  by  hand 

and  by  rotating  spinning  shaft .  205A 

(d)  Remove  propeller  lock,  turn  propellers  till 

cam  pawl  Is  In  extreme  after  position,  re¬ 
place  propeller  lock . 

( t)  Install  gyro, bottom  head, lock  gyro,  Install 


gasket  and  cover  plate .  246A,  13-14 

(23)  Replace  hand  hole  plate  and  afterbody  and  tall 

drain  plugs .  48,13-14 


(24)  Install  booster,  detonator,  and  exploder  mech¬ 

anism  In  accordance  with  Instructions  In  Prepa¬ 
ration  for  a  War  Shot . 

(25)  Turn  torpedo  upright . 

(26)  Gauge  and  boost  air  flask . 

(27)  Check  level  of  fuel,  oil  and  water . 

(28)  Load  torpedo  on  plane  according  to  Instructions 
In  Final  Adjustments. 


-118- 


TREATMEHT  AFTER  A  RUN 

TOOL.NO. 

The  following  treatment  should  be  carried  out  Immediately 
after  firing  to  prevent  deterioration  of  material. 

IMMEDIATE  TREATMENT 

(1)  Close  stop  valve  and  air  flask  blow  valve .  227A,49 

(2)  Put  on  propeller  lock . . . 

(3)  Rotate  starting  gear  Index  spindle  until  click 

Is  heard .  227A 

(4)  Place  torpedo  on  truck, wipe  shell  dry  and  slush . 

DRAIN  AFTERBODY  AND  TAIL 

(5)  Remove  replacement  screw .  49 

(6)  Put  In  transportation  screw .  49 

(7)  Remove  drain  plug  In  afterbody .  13-14 

(8)  Remove  drain  plugs  In  tall... .  13-14 

(O'  Remove  gyro  clamp  plate  cover .  13-14 

(10)  Remove  igniter . 438,391A 

FILL  OIL  TANK 

(11)  Fill  oil  tank  with  hot  running  torpedo  oil  (B) . 

Note  quantity  of  oil  required  to  fill  tank  in 
order  to  determine  the  quantity  of  oil  remain¬ 
ing  after  a  run .  13-14 

DRAIN  COMBUSTION  POT 

(12)  Turn  torpedo  over  sufficiently  to  drain  combus¬ 
tion  pot . 

(13)  Drain  combustion  pot.  Turn  torpedo  bottom  up  391A 

and  install  the  dummy  Igniter,  connect  air  lead .  438 

REMOVE  GYRO 

(14)  Remove  gyro  bottom  head . . .  3*6A 

(IB)  Remove  gyro,  wipe  pot  dry,  clean  and  oil  top 

and  bottom  gyro  bearings  and  replace  gyro  bot¬ 
tom  head  and  clamp  plate  cover .  13-14 

DRaIN  FUEL  AND  WATER  COMPARTMENT 

(16)  Remove  water  compartment  filling  plug.  Measure 

quantity  of  water  remaining  after  run  by  drain¬ 
ing  into  a  can .  11 

(17)  Remove  fuel  filling  plug.  Measure  quantity  of 

fuel  remaining  after  run  by  draining  into  a  can .  217,74 

(18)  Replace  water  compartment  filling  plug .  11 
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OVERHAUL  AND  CLEAN  TAIL  <Mk.  13  Torpedo) 

(19)  Remove  holding  screws  for  top,  bottom  and  side 

rails . 

(20)  Remove  side  rails  with  rudder  arms . 

(21)  Remove  depth  rudders . 

(22)  Remove  bottom  rail  with  rudder  arms . 

(23)  Remove  lower  vertical  rudder . 

(24)  Remove  upper  rail  with  rudder  arms, upper  verti¬ 
cal  rudders  and  rudder  support  body  assembly 

(25)  Remove  holding  nut,  after  propeller  and  sleeve 

with  bushings . 

(26)  Remove  forward  propeller  lock  nut  set  screws (2) 

(27)  Remove  forward  propeller  lock  nut . 

(28)  Remove  forward  propeller,  use  lead  maul,  if 

necessary.  Remove  keys  from  sleeve . 

(29)  Remove  rudder  connection  screws . 

(30)  Remove  tail  Joint  screw* . 

(31)  Remove  tail . 

(32)  Remove  forward  propeller  sleeve  locking  screws. 

(33)  Remove  forward  propeller  sleeve . 

(34)  Insert  cotter  pins  in  holes  on  after  end  of 

exhaust  valve  stems . 

(35.'  Remove  cotter  pins  and  nuts  on  exhaust  valve 
bracket . 

(36)  Remove  exhaust  valves  and  bracket  Intact . 

(37)  Examine  exhaust  valve  springs  and  seats  and  oil 

(compound  steam  cylinder  oil) . 

(38)  Renew  exhaust  valve  spring  and  reseat  valves  if 

found  necessary . 

(39)  Replace  exhaust  valve  bracket  and  valves . 

(40)  Remove  cotter  pins  from  holes  in  exhaust  stems 

(41)  Replace  forward  propeller  sleeve  "zero"  marks 

to  coincide . 

(42)  Replace  forward  propeller  sleeve  lock  screws 

and  wire  all  screws . 

(43)  Replace  tail . 

(44)  Replace  tail  Joint  screws . 

(45)  Replace  forward  propeller  sleeve  keys . 

(46)  Replace  forward  hub  and  propeller  • zero "  marks 

to  coincide . 

(47)  Replace  forward  propeller  lock  nut . 

(48)  Replace  forward  propeller  lock  nut  set  screws 

(49)  Wipe  clean  and  apply  tall  compound  thoroughly 
and  replace  bushings  on  after  propeller  sleeve 

(50)  Replace  after  propeller  sleeve,  hub  and  pro¬ 

peller  ("zero"  marks  to  coincide )  and  replace 
after  propeller  sleeve  lock  nut . 
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39 


183  A 
40 
185C 

40 
13-14 
49 ,  184 A 

40,72 


72,40 

72,408 


WE202A 

72,408 

72,408 

72,40 


72,40 
*9, 184 A 


185C 

40 


183A 
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(51)  Replace  rudder  support  body  assembly  and  verti¬ 
cal  rudders  with  rudder  arms  and  rails.  Secure 

rails  with  holding  screws .  39 

(52)  Replace  depth  rudders,  side  rails  and  rudder 

arms,  secure  rails  with  holding  screws .  39 

(53)  Replace  rudder  connection  screws .  13-14 

(54)  Replace  tail  drain  plugs .  13-14 

(55)  Grease  tail  bearing  with  tall  bearing  compound 

until  it  shows . . . 

(56)  Pack  shaft  with  tail  bearing  compound  untli  it  462,4S1A 

shows .  164  A 

(57)  Grease  forward  propeller  until  it  shows  (tail 

packing  compound) .  40,482B 

OVERHAUL  AND  CLEAN  TAIL  (Hark  13-Modlf lcatlon  Torpedoes) 

(68)  Remove  holding  nut,  after  propeller  and  sleeve 

with  bushings .  183 

(59)  Remove  four  (4)  bronze  rtushlngs  from  sleeve  for 

after  propeller . 

(60)  Remove  two  (2)  lock  screws  from  nut  for  forward 

propeller  and  remove  nut .  I860 

(61)  Remove  forward  propeller  and  hub  from  sleeve 

for  forward  propeller . 

(62)  Remove  keys  from  sleeve.  Use  screw  driver  in 

milled  slot  in  end  of  keys . 41 

(63)  Remove  two  (2)  pins  for  rudder  connections .  13-14 

(64)  Remove  sixteen  (16)  Joint  screws  and  remove 

tall .  459,184 

(65)  Remove  wire  from  four  (4)  screws  for  locking 

clips  and  remove  screws .  92,41 


(66)  Turn  sleeve  for  forward  propeller  until  locking 

clips  are  in  alignment  with  milled  slot  in 
after  bulkhead  and  remove  four  (4)  locking 
clips.  Pry  out  with  screw  driver . 

(67)  Remove  sleeve  for  forward  propeller . 

(68)  Remove  wire  and  two  (2)  screws  for  grease  pack¬ 
ing  ring  and  remove  grease  packing  ring  from 

forward  propeller  sleeve . . 

(69)  Insert  cotter  pins  in  holes  on  after  end  of  72.40 

exhaust  valve  stems . 

(70)  Remove  cotter  pins  and  nuts  on  exhaust  valve  72,408 

b r  acket  studs . 

(71)  Remove  exhaust  valves  and  bracket  intact . 

(72)  Examine  exhaust  valve  springs  and  seats  and  oil 

with  compound  steam  cylinder  oil  (D) . 


(73)  Renew  exhaust  valve  spring  and  reseat  valves  if  WE202A 

found  necessary .  408,72 

(74)  Replace  exhaust  valve  bracket  and  valves .  408,72 
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(75)  Remove  cotter  pins  from  holes  In  exhaust  steins .  72,40 

(76)  Clean,  wipe  dry  sleeve  for  forward  propeller . 

(77)  Clean,  grease  (G)  and  replace  packing  ring  In 
forward  propeller  sleeve  .  Replace  holding  are  ws 

and  wire .  72,41 


(78)  Grease  (0)  sleeve  and  replace  on  forward  pro¬ 
peller  shaft . 

(79)  Clean,  oil  with  compounded  steam  cylinder  oil 
(D)  and  replace  four  (4)  holding  clips  for  for¬ 
ward  propeller  sleeve.  Replace  screws  In  hoi  d- 
lng  clips  and  wire.  Try  to  pull  sleeve  off  as 
a  check  to  see  that  pins  are  properly  seated  In 


the  holes  in  the  shaft .  72,41 

(80)  Clean  Interior  of  tall  cone  and  wipe  dry.  Grease 
(G)  and  replace  on  afterbody.  Oil  and  replace 

Joint  screws .  459,184 

(81)  Replace  rudder  connection  screws .  13-14 

(82)  Replace  four  (4)  copper  washers  and  four  (4) 

drain  plugs  in  tail  cone .  13-14 


(83)  Clean,  oil  with  hot  running  torpedo  oil  (B)  and 

replace  two  (2)  keys  for  hub  on  forward  pro¬ 
peller  sleeve . 

(84)  Clean,  grease  (G)  and  replace  hub  and  propeller 

on  forward  sleeve . 

(83)  Clean,  oil  with  hot  running  torpedo  oil  (b)  *nd 


replace  nut  for  forward  propeller .  Replace  two  1850 

(2)  keep  screws  for  nut . . . .  41,183C 


(86)  Clean,  wipe  dry  and  grease  (G)  after  propeller 

sleeve . 

(87)  Clean,  grease  (G)  and  replace  four  (4)  bronze 

bushings  for  after  propeller  sleeve . 

(88)  Replace  sleeve,  hub  and  after  propeller  on  after 

propeller  shaft . 


(89)  Replace  after  propeller  shaft  lock  nut .  183 

(90)  Turn  torpedo  upright . 

(91)  Remove  grease  plug  In  tall  cone,  with  grease 
gun  force  grease  (G)  into  tall  bearings  to 

grease  bearing  surfaces.  Remove  grease  gun  and  13-14 

replace  grease  plug  in  tall  cone .  4  62,481P 

(92)  Remove  grease  plug  In  after  propeller  shaft. 

With  grease  gun  force  grease  (G)  between  pro¬ 
peller  shafts  and  grease  packing  ring.  Replace 

grease  plug  In  after  prooeller  shaft . .  184»48lA 

MAKE  CHECK  RUN  TO  CHECK  AND  OIL  THE  ENGINB 

(93)  Remove  charging  valve  plug .  13-14 

(94)  Put  on  safety  strap  and  charging  lead . 

(95)  Open  stop  valve .  227A 

(96)  Charge  torpedo  to  1000  pounds . 
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(97)  Close  stop  valve .  227 

(98)  Bleed  and  remove  charging  lead  and  safety  strap . 

(99)  Replace  charging  valve  plug  and  washer .  13-14 

(100)  Put  tool  227  on  starting  gear  Index  spindle  as 

a  safety  measure .  227 

(101)  Remove  propeller  lock  and  turn  propellers  over 

by  hand  to  see  if  engine  turns  freely . 


(102)  Lift  starting  spindle  arm  to  open  starting 

piston . 

(103)  Open  stop  valve  sufficiently  to  give  the  torpedo 


a  check  run  at  reasonable  speed .  227 

(104)  Close  stop  valve . 

(105)  Rotate  starting  gear  Index  spindle  to  close 

starting  piston . 

(100)  Put  on  propeller  lock . 

(107)  Remove  water  compartment  plug, replace  fuel  plug  11,217 

and  replace  water  compartment  plug .  74 

NOTE:  If  torpedo  is  to  be  made  ready  for  firing 
immediately  proceed  with  the  final  adjustments. 

If  torpedo  is  not  to  be  fired  immediately,  Pro¬ 
ceed  as  follows: 

HEDUCINO  VALVE 


(1)  Oil  reducing  valve .  386,14,94 

(2)  Back  off  speed  screw  to  relieve  compression  on 

roduclng  valve  spring .  12 

REMOVE  GYRO  AND  IMMERSION  MECHANISM 

(3)  Set  depth  Index  on  zero .  135A 

(4)  Turn  torpedo  bottom  up . 

(5)  Disconnect  air  leads  to  horizontal  and  vertical 

steering  engines .  141A 

(6)  Remove  pipe  from  steering  engine  to  reducer 

valve . . . 141A 

(7)  Remove  valve  connection  clamp  screws  for  both 

engines . 246A 

(8)  Remove  engine  screws,  detach  engines  from  gyro 

pot  and  lay  aside  In  afterbody  leaving  engines  92 

connected  to  rudder  rods .  4Q,49A 

(9)  Disconnect  gyro  spin  lead . »•  229 

(10)  Remove  gyro  clamp  plate,  cover  and  bottom  head . 13-14, 246A 

(11)  Remove  transportation  pin,  and  holding  screws 

for  gyro  and  Immersion  mechanism  base .  49 

(12)  Put  lifting  screws  in  gyro  housing  and  remove .  200 

(13)  Wipe  gyro  pot  dry . 


(14)  Blow  off  gyro  top  and  bottom  bearings  with  low 
pressure  air;  with  gyro  syringe  drop  2  drops  of 
gyro  oil  (A)  on  each  bearing . 
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MARK  13,  13-1 62 


GRAPH  GIVING  THE  AMOUNTS  BV  VOLUME  OF  ALCOHOL  WHICH 
SHOULD  MIXED  WITH  WATER  IN  THE  WATER  COMPARTMENT  TO 

PROTECT  AGAINST  FREEZING  WITH  TEMPERATURES  INDICATED. 
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CHAPTEE  X 

DISASSEMBLY .  OVERHAUL,  ASSEMBLY  AND  TESTS 

General 

Lubricants 

PART  I  . Exercise  Heads  Mark  26  ,  26  1  and  35  2 

PART  II . Air  Flask 

PART  III . Afterbody  -  Removal  of  Major  Units  from 

PART  IV . Afterbody  Shell  Group 

PART  V . Valve  Group  and  Superheater 

PART  VI . Main  Engine 

PART  VII . Starting  Gear 

PART  VIII . Immersion  Mechanism,  Gyro  .Mechanism  and  Gyro  Gears 

PART  IX . Assembly  and  Test  of  Afterbody  and  Tail  Complete 

PART  X  . Assembly  of  Afterbody  and  Exercise  Head  on  Air  Fiask 


CHAPTER  X 


disassembly  ^.overhaul, assembly  jnd  tests 


CBNSRAL 

1.  The  Instruction*  ••ntn'n<*d  «n 
the  Bureau  of  Ordnance  Manual  set 
forth  the  pro.-,.- r  1  bed  methods  for 
care  and  handling  of  •  .rp~du**s  and 
torpedo  tubes  aboard  ship  Th- 
Instructions  contained  in  this 
Manual  have  th*  full  r**i  *•  ..f  Navy 
Regulations.  In  addition  to  the 
Bureau  of  Ordnance  Manuel  the  Bureau 
Issues  from  time  to  »tm-  .  t*  ular 
letters  containing  .mp..'tant  in 
strucMons  concerning  *h*  hand!  ng 
of  torpedoes  whiih  may  be*  ome  ne-  -s 
sary  as  required  Those  responsible 
for  the  handling  of  tor  pedoes  and 
torpedo  equipment  on  board  ship 
should  be  familial  wtih  the  ontents 
of  the  Bureau  cP  Ordnan-e  Manual  and 
Bureau  of  Ordnance  tlr  ular  letters 
relating  thereto 

2.  The  purposes  to  be  «.  *- ><ap1  ished 
In  the  periodic  overhaul  of  a  *..rp-do 
are  as  follows 

(1)  Clean  all  the  torpedo  .pa i (8 

(2)  Examine  all  pari*,  f  .•  defe.  *s 

(3)  Renew  or  repair  defe,  t.*e  p,.i> 

(4)  Proper  assembly  of  the  p»**» 

(5)  Tests  of  the  individual  m»*han 

Isms 

(6)  Tests  to  check  the  pe  .per  fun 

tlonl  ng  of  the  torpedo  as  a 
whole 

(7)  Properly  treat  the  pans  »>  pre¬ 

serve  them  from  deterioration 

I* 

3.  Many  years  of  torpedo  expert 
ence  under  normal  service  conditions 
have  indicated  the  advisability  of  * 
centralized  overhauling  station 
(ship)  for  all  types  of  vessels. 


Iin i form  methods,  •  omplete  knowledge 
of  i  he  torpedo,  adequate  tools  for 
t  ••sting  equipment,  and  competent 
personnel  are  requisites  to  proper 
overhaul  and  ran  better  be  material 
ized  in  a  centralized  overhauling 
s»aMon  (ship)  than  in  all  the 
various  vessels  in  the  service  which 
ally  torpedoes  Uniformity  In 
method  insures  the  use  of  the  best 
me  t  hod  under  all  circumstances; 
otaplet..  knowledge  of  'he  torpedo  Is 

a  gum  . . f  •  he  completeness  of 

'he  . . ban l .  adequate  tools  and 

t-sitog  equipment  provide  Hie  asNiir 
an.  e  that  when  overhaul  Is  completed 
a  kh'UIV'  iry  servlie  run  will  lie 
••b* ..  •  n*-d  .mpeient  personnel  insures 
tflpJdivy  of  tu  .  Mtnpl  ishmeni  of  high 
giad-  w-.rk  The  tools  issued  for 
th»  »v-haul  of  torpedoes  may  be  of 
the  fines'  .and  th**  very  best  methods 
of  overhaul  may  be  pres  r  t  bed ,  but 
both  may  fail  to  produce  results  if 
the  pe>s ••nn>  1  Is  not  up  to  the  nec.es 
sary  standard  The  necessary  stand 
ard  nf  personnel  not  only  entails  a 
temple**  knowledge  of  a  torpedo, 
b.ji  ai»  .  in  l  idrs  me  hanical  ability. 

4  This  hapter  nverS  all  the 
steps  necessary  for  normal  dis 
ass»*mbty.  overhaul,  adjustment,  and 
assembly  Completion  of  these  steps 
•Jll  p 1 a  e  • he  torpedo  in  a  "Ready" 
s’d'iis.  adding  but  preliminary  and 
final  adjustments  to  prepare  the 
torpedo  for  a  run. 

5.  The  * ools  for  ea.  h  operation 
are  listed.  Tools  so  listed  are 
grouped  under  the  following 
head  i  ngs 


( a)  Torpedo  Tools 

( b )  Workshop  Equipment  Tools 

( c )  Special  Testing  Fixtures 

Tools  listed  under  (a)  above  are 
sufficient  to  allow  disassembly, 
emergency  repairs  or  adjustments, 
and  the  application  of  the  pre¬ 
liminary  and  final  adjustments 
before  firing.  Tools  listed  under 
(b)  above  are  for  exclusive  use  in 
the  torpedo  workshop  for  major  over¬ 
haul  and  for  fitting  renewal  parts 
when  necessary.  Workshop  equipment 
tools  are  designated  by  the  prefix 
"W.E."  before  the  tool  number. 
Fixtures  listed  under  ( c)  above 
are  used  for  testing  the  Individual 
units  of  a  torpedo  prior  to  assem¬ 
bling  in  a  torpedo.  Description  of 
and  Instructions  for  the  use  of 
these  fixtures  will  be  found  in 
Ordnance  Data  Pamphlet  No.  750 
Issued  by  the  Naval  Torpedo  Station, 
Newport,  R.  1. 

0.  Throughout  the  text  of  Chap¬ 
ter  X,  the  lubricant  ’to  be  used  is 
indicated  by  symbols  as  follows: 

Symbol  Description 

A  GYRO  OIL, blended  by  Naval  Torpedo 
Statiorv  Newport,  R.I.,  and 
obtainable  only  by  requisition  to 
tenders,  bases,  or  stations. 

B  MOT  RUNNING  TORPEDO  OIL, purchased 
under  annual  contract  by  the 
Bureau  of  Supplies  and  Accounts. 


C  LIGHT  LUBRICATING  OIL  -  forced 
feed  and  motor  cylinder  oil  light. 
Symbol  2110,  purchased  under 
annual  contract  by  the  Bureau  of 
Supplies  and  Accounts. 

D  COMPOUNDED  STEAM  CYLINDER  OIL 
Symbol  6135,  purchased  under 
contract  by  the  Bureau  of  Sup¬ 
plies  and  Accounts.  (000-W  or 
its  equivalent). 

E  PFTROJ-ATUM ,  purchased  under  Navy 
Department  Specifications  14P1 . 
The  Federal  Stock  Catalogue 
numbers  for  this  material  are 
I4P 100  for  5  pound  cans,  and 
1*1 1*1 10  for  10  pound  cans. 

F  GREASE,  MINERAL,  LUBRICATING 
(CUP)  MEDIUM,  purchased  under 
Navy  Department  Specifications 
14G1.  The  Federal  Stock  Cata¬ 
logue  number  for  this  material 
is  14G1G80  for  10  pound  cans. 

G  NAVAL  TORPEDO  STATION  TAIL 
PACKING  COMPOUND,  obtained 
only  by  requisition  to  tenders, 
bases  or  stations. 

Lubrication  chart,  Plate  37,  is 
included  In  the  list  of  plates. 

7.  Throughout  the  text,  frequent 
reference  is  made  to  Ordnance  Data 
Pamphlet  No.  750.  This  pamphlet 
is  printed  and  Issued  by  the  Naval 
Torpedo  Station,  Newport,  R.  I. 
to  all  torpedo  tenders  and  bases 
and  to  torpedo  schools. 
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EARL 1 

EXERCISE  HEAPS,  MARK  26.  26-1,  26-2 
DISASSEMBLE 


A.  REMOVE  HEAD  FROM  AIR  FLASK 

(1)  Drain,  sling  head,  renove  Joint  screws . 

(2)  Push  head  Just  clear  of  air  flask  and  dis¬ 
connect  air  pipe  from  air  flask  blow  valve... 

B.  REMOVE  AIR  RELEASING  MECHANISM 

(1)  Remove  holding  nuts  and  cover  for  air  releasing 

mechanism  and  lift  mechanism  clear  of  head . 

(2)  Disconnect  air  pipe,  remove  mechanism  and  gas¬ 
ket . 

(3)  Disconnect  air  pipe  from  nipple  In  forward 
bulkhead  ring  and  let  drop  In  exercise  head 

(4)  Unscrew  clamp  nut  holding  nipple  In  forward 

bulkhead  ring . 

C.  REMOVE  OUTER  BULKHEAD 

(1)  Remove  nuts  holding  bulkhead . 

(2)  Remove  bulkhead  with  after  section  ofair  re¬ 
leasing  mechanism  pipe  attached . 

(3)  Remove  air  releasing  pipe  and  clamp  from  after 

bulkhead . 

(4)  Remove  gasket . 

D.  REMOVE  TORCH  CASE 

(1)  Remove  nuts,  cover,  case  and  gasket . 

E.  REMOVE  FORWARD  BULKHEAD 

(1)  Remove  bulkhead  nuts . 

(2)  Push  bulkhead  forward  to  break  Joint . 

(3)  Turn  flats  on  periphery  of  bulkhead  into  line 
with  slots  In  bulkhead  seat  and  withdraw  bulla- 
head.  NOTE  When  removing  bulkhead  through 
slot  In  seat,  exercise  great  care  not  to  damage 
holding  screws. 

F.  REMOVE  RELIEF  VALVE 

(1)  Remove  relief  valve  and  body  assembled . 

(2)  Remove  nut  for  stem,  washer  for  spring,  spring 

and  valve  with  washer . 

G.  REMOVE  WATER  DISCHARGE  VALVE 

(1)  Remove  holding  nuts  and  water  discharge  valve 
spring  plate . 


I ool  M  . 

13-14,49 
14  1 A 

48 
14  1A 
14  1 A 
14  1A 

48 

61 

41 . 141 

48 

48 


391  A 
41,48 

4  8 
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(2)  Remove  water  discharge  valve  and  spring . 

(3)  Unscrew  clamping  nut  for  discharge  valve  washer 
( cl  arrp  discharge  valve  in  tool  448  in  vise  and 

remove  nut  for  washer  with  tool  242A) . 

H.  DISASSEMBLE  AIR  RE LEAS  I NG  MECHANISM  -  MARK  2 

(1)  Unscrew  restriction  nipple  with  washer . 

(2)  Unscrew  adjusting  nut  cap  with  washer, adjusting 

nut  keep  screw  and  adjusting  nut . 

(3)  Remove  air  releasing  valve  spring,  spring  sup¬ 

port  and  valve.  (Removal  of  valve  guide  and 
seat  should  not  he  done  except  when  removal  is 
necessary,) . 

I.  DISASSEMBLE  AIR  RELEASING  MECHANISM  -  MARK  3 

(1)  Unscrew  adjusting  nut  cap  with  washer , adjusting 

nut  keep  screw  and  adjusting  nut . 

(2)  Remove  air  releasing  valve  spring  and  spring 

support . . . 

(3)  Remove  air  inletfrc strict  ion)  nipple  and  washer . 

(4)  Remove  air  strainer . 

(6)  Remove  strainer  holder  and  washer . 

(6)  Remove  air  releasing  valve . 

With  the  above  steps  completed  the  exercise  head  with  attachments 
is  disassembled,  ready  for  cleaning  and  inspection  of  parts. 

OVERHAUL,  TESTS  AliP  ASSEMBLY 

J .  REPLACE  OR  RESOLDKR  STt DS  FOR  BULKHEAD  IM)  FLANGES 
WHERE  NECESSARY 

(1)  Apply  heat  to  stud  until  stud  will  unscrew  with 

screw-driver . 

(2)  Tin  new  stud  and  screw  in  place  when  hot,  wipe 
excess  solder  off  threads  with  rag  and  chase 

thread  on  screw  with  1/4"  x  20  finger  die . 

K.  TnE  \TMENT  OF  INTERIOR  OF  HEAD 

(1)  Clean  interior  of  head  thoroughly . 

(2)  Treat  exposed  surfaces  with  a  protective  coat¬ 
ing  of  bltumastic  solution  (allow  to  dry  at 

least  12  hours  prior  to  testing  with  air) . 

L.  LEAD  BALLAST 

(1)  Should  necessity  arise  for  the  removal  and 
r  e  Installation  of  lead  ballast, due  to  corrosion 
under  ballast  or  removal  of  dents  in  shell,  the 
ballast  must  be  replaced  In  exact  location  from 
which  removed . 


TOOL. HO- 

242 A. 44 8 

18 , 141A 
406,407 
41 
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41,407 
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(2)  Shell  having  been  cleaned  and  given  a  heavy 
coating  of  tin,  replace  lead  weight  and  solder 
in  place  using  soldering  iron . 

M  TORCH  CASE 

(1)  Clean,  inspect  and  test  torch  case  in  accord¬ 
ance  with  instructions  contained  in  O.D.No.750. 
NOTE,  Leakage  through  the  torch  case  may  result 
in  the  sinking  of  the  torpedo.  Torch  cases 
which  do  not  satisfactorily  pass  a  hydrostatic 
test  of  85  lbs.  to  the  sq.  in.  should  be  scrap¬ 
ped  and  replaced. 

N  AIR  RELEASING  MECHANISM  PIPES 

(1)  Anneal  pipes  and  bend  to  shape  in  accordance 

with  drawings  . 

(2)  Reseat  seats  on  pipe  collars  if  necessary 

(3)  Reseat  nipples  for  pipes  if  necessary . 

0  TEST  EXERCISE  HEADS  FOR  LEAKS 

(1)  011  (D)  and  replace  washer  on  water  discharge 

valve . 

(2)  Clean,  Inspect  and  oil  (C)  valve  guide,  seat 

and  studs  in  discharge  valve  flange . 

(3)  Insert  discharge  valve  in  flange,  place  gag 

across  the  studs  and  secure  with  nuts  setting 
up  until  valve  is  held  firmly  on  seat . 

(4)  Replace  air  release  pipe  (after  section)  with 
nipple  in  forward  bulkhead  ring  (note  that 

plated  copper  washer  is  in  place  against  shoul¬ 
der  of  ntpple) . 

(5)  Replace  clamp  nut  on  nipple  and  secure,  holding 

after  section  of  pipe  in  alignment  for  attach¬ 
ing  to  after  bulkhead . 

(6)  Connect  forward  section  of  air  release  pipe  to 

nipple,  holding  pipe  in  position  for  connecting 
to  air  release  mechanism . 

'7)  Replace  after  bulkhead  gasket  on  its  seat . 

(8)  Note  that  plated  copper  washer  is  in  place 

against  the  shoulder  of  nipple  on  the  after  end 
of  air  release  pipe  and  guide  nipple  into  hole 
In  pocket  on  after  bulkhead . 

(9)  Replace  after  bulkhead  and  secure,  tightening 

up  evenly  on  holding  nuts . 

(10)  Replace  and  tighten  clamp  nut  on  nipple  for  air 

release  pipe . 

(11)  Blank  off  air  release  pipe  (forward  end)  and 

nipple  (after  end) . 


XQQL-SQ. 


WE80 

WE85 


242A  ,44b 


48 


14  1 A 


14  1A 


61 

48 

14  1 A 

14  1A 
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'121  Install  air  releasing  mechanism  blanking  off 
plate  and  gasket . - . 

13*  Install  torch  case,  cover  and  gasket . 

'141  Blank  off  relief  valve  flange . 

l!5>  Insert  test  connection  in  drain  plug  flange  and 
connect  low  pressure  gauge  and  pipe,  crack  air 
valve  and  build  up  pressure  in  head  to  15  lbs. 
per  so.  in.,  close  valve,  submerge  head  in 
water  and  examine  for  leaks. . . 

(16)  If  leaks  occur,  mark  same  and  remedy . 

(17)  When  satisfactory  test  has  been  made  (no  leaks) 

unclamp  nipple  and  remove  after  bulkhead . . 

(181  Remove  torch  case  to  provide  clearance  for  the 
installation  of  forward  bulkhead . 

(19)  Place  a  new  gasket  on  the  forward  bulkhead  and 
install  the  bulkhead  on  its  seat,  being  careful 
not  to  damage  threads  on  holding  screws  when 
passing  through  the  slots  in  bulkhead  ring  Set 
up  evenly  on  nuts  for  holding  screws. . . 

(2n)  Proceed  to  test  the  forward  (water)  compartment 
as  in  step  15,  placing  head  nose  down  pour 
water  around  forward  bulkhead  Joint  and  examine 
for  leaks . . . . 

(21)  If  leaks  occur,  mark  same  and  remedy.. . 

(22)  When  satisfactory  test  has  been  made  (no  leaks) 
wipe  dry  and  clean  buoyancy  compartment  inside. 

(23)  Reassemble  torch  case  and  after  bulkhead  on 

head,  securing  pipe  to  clip  and  clamp  nut  on 
nipple  through  bulkhead  pocket . 

'24)  Remove  test  adapter,  blanking  off  plates,  blank 
in  air  release  pipe  and  remove  relief  valve 
blank . . . .  .....»•••• 

(25)  Replace  drain  plug. . . . . 

(26)  Oil  'D)  and  replace  water  discharge  valve 

spring  and  cover, . . . 

(27)  Replace  relief  valve 

fa)  Oil  (D>  and  replace  washer  on  valve . 

(b)  Oil  (C)  valve  guide,  valve,  and  spring..,.. 

(c)  Assemble  valve  in  guide,  spring,  spring 

washer  and  nut . .  .  .* 

(d)  Replace  valve  body  (assembled)  and  washer 

in  exercise  head . . 


48 

48 


141  A,  48 
48 


48 


41>48» 141A 

14  1 A 
48 
391A 
13  14 

48 


48, 4i 
39 1A 


P  AIR  RELEASING  MECHANISM  -  MARK  2 

(1)  If  necessary  to  replace  air  releasing  valve 

guide  and  seat,  unscrew  old  valve  guide,  apply  18 

ing  heat  around  threads?  screw  and  solder  new  141A 

valve  guide  and  seat  into  body,  reseat  valve  41 

seat,  and  lap  valve  to  seat  (use  cocking  tool  441 

for  turning  valve  when  lapping  into  guide ) . .  WE24 


133 


TOOL  NO. 


(2)  When  finished  lapping,  wash  parts  thoroughly  in 

gasoline,  oil  (C)  and  assemble . 

(3)  Check  si/e  of  hole  in  restriction  nipple  should 

be  70625  (use  #52  drill) . 

(4)  Screw  nipple  into  valve  guide  and  seat  against  1ft 

a  copper  washer  .  . .  141A 

1 5)  Oil  (C)  and  replace  spring  support  around  valve 
stem,  replace  spring  screw  adjusting  nut  into 

body  over  spring  .  406 

(6)  Connect  mechanism  to  air  pipe  from  test  panel 

or  test  set .  .  .  141A 


(7)  Hold  valve  on  seat  by  pulling  out  on  cocking 

tool,  turn  air  on  and  test  for  leaks  by  sub¬ 
merging  in  water  with  the  valve  seated ^pressure  441 

release  tests  should  be  made  in  accordance  wl th 

procedure  outlined  in  O.D.  #750  (mechanism 
should  be  set  to  release  at  500  lbs  Pressur e) . . 

(8)  With  the  above  tests  completed  and  desired 
release  pressure  obtained,  Insert  lock  screw 

for  adjusting  nut .  .  -II 

(9)  See  that  7020  hole  on  top  of  adjusting  nut  cap 
is  clear.  (If  this  hole  is  clogged  a  snail  air 
leak  by  the  valve  may  cause  failure  to  function 

with  possible  sinking  of  torpedo) . . 

(101  Screw  cap  in  place  with  washer  under  seat,  thus 


completing  assembling  of  air  releas lng  mechanism. .  -107 

Q.  AIR  RELEASING  MECHANISM  MARK  3 

(11  Reseat,  valve  seat  and  lap  valve  to  seat  . 41.WE236 


NOTE  If  necessary  to  lap  in  a  new  valve,  lap 
hole  in  body  with  lap  tool  WF237  and  new  valve 

with  lap  tool  WE 238  . 

(21  When  finished  lapping  wash  parts  thoroughly  in 

gasoline . . .  . 

(3)  Blow  out  restriction  hole  in  valve  guide  with 
air  and  check  size  using  #52  drill,  blow  out 

air  channels  with  air . 

(4)  Oil  (C>  and  assemble  valve  in  guide . 

(5)  Clean  and  replace  strainer  body  with  washer  in 

valve  guide .  ‘151 

(6)  Oil  (C)  and  replace  spring  support  over  v*lve 

stem,  spring,  and  spring  adjusting  nut.  .  . 

(7)  Clean  and  replace  strainer  in  valve  guide . 

(8)  Remove  burrs  from  threads  if  necessary  and 
replace  air  inlet  (rest r j ct  ion  )  nipple  and 


washer  in  strainer  body . .  451,229 

(9)  Connect  mechanism  to  air  pipe  from  test  panel 

or  test  set  (Bu.Ord.Dwg.No.  44  322  ,  79646' .  1*UA 


(10)  Turn  on  air  and  test  for  leaks  by  submerging  in 
water . 
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(11)  With  the  valve  tight,  set  valwe  to  release 

for  pressure  required  In  accordance  with  pro¬ 
cedure  outlined  In  O.B.  #750 . • .  406 

(12)  With  the  above  test  completed  and  desired  re¬ 
lease  pressure  obtained,  insert  lock  screw  f or 

adjusting  nut . . . . .  41 


(13)  Soe  that  »020  hole  on  top  of  adjusting  nut  cap 
is  clear.  If  this  hole  is  clogged,  a  snail  air 
leak  by  the  valve  nay  cause  premature  blowing 

of  this  head . •  ••• 

(14)  Screw  cap  in  place  with  washers  under  seat ,  thus 
completing  assembly  of  Mark  3  air  releasing 

mechanism . • .  407 

R.  INSTALL  AIR  RELEASING  MECHANISM  IN  HEAD: 


(1)  Put  washer  in  place  on  beveled  flange.  Pull 
out  air  releasing  pipe  connection  through 

pocket  and  connect  to  mechanism.. . .  141A 

(2)  Drop  mechanism  down  to  its  seat.  Replace  cover 

and  secure  with  holding  nuts..... .  48 


The  above  steps  complete  overhaul,  assembly  and  test  of  exercise 
head  up  to  assembly  on  air  flask. 


PART  II 


AL£_£LA£K 


A.  DISCONNECT  AND  REMOVE  AFTERBODY  FROM  AIR  FLASK 

U)  Disconnect  the  following  pipes: 

(a)  Main  air  connection . 

(b)  Air  pipe  to  air  check  valves . 

( c)  Pipes  to  fuel  and  water  strainers . 

( d)  Pipe  from  venting  fitting  to  afterbody . 

(2)  Install  sling  around  afterbody  and  take  the 

weight  with  chain  fall . . 

(3)  Unscrew  Joint  screws . 

(4)  Lift  tall  slightly  higher,  rotate  afterbody 

left  to  clear  main  air  connection  and  pull 
clear  of  flask . 

(0)  Place  afterbody  on  stand.... * . 

B .  TEST  PRIOR  TO  DISASSEMBLY 

HOTE:  Prior  to  disassembly  of  air  flask  sec¬ 
tions,  it  is  desirable  to  make  the  following 
tests .  Steps  preceded  by  an  asterisk  (m)  tn 
the  text  should  not  be  executed  except  to 
remedy  leaks  or  replace  Parts  found  faulty  and 
requiring  renewal  as  shown  by  the  following 
tests . 


(1)  Charge  air  flask  to  800  lbs.  per  square  inch 
and  test  for  leaks  around  the  forward  bulkhead. 

Squirt  light  lubricating  oil  around  the  bulk¬ 
head  Joint  and  note  if  bubbles  appear . 

(2)  Test  air  flask  blow  valve  for  leaks .  49 

(3)  With  main  air  nipple  blanked  off,  operate  stop 

valve  to  open  and  close  and  note  leaks .  227  A 

(4)  Note  if  Charging  check  valve  leaks . •••• 

(6)  Note  if  charging  valve  plug  leaks . 

(6)  Open  air  flask  blow  valve  and  bleed  air  from 

air  flask  until  empty .  4  9 


0 1 SA3SEMBLE  AIR  FLASK 

C.  REMOVE  AIR  CHECK  VALVE  ASSEMBLY 

(1)  Disconnect  pipes  from  check  valve  to  water  com¬ 


partment  bulkhead .  229 

(2)  Disconnect  pipe  to  venting  fitting .  14 1A 

(3)  Remove  holding  screws  and  check  valve  body 

assembly .  41 


TOOL  NO. 
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D.  REMOVE  FUEL  AND  WATER  CHECK  VALVE  AND  STRAINER  BODY 

(1)  Disconnect  pipe  from  bulkhead  to  fuel  strainer. 

(2)  Disconnect  and  remove  pipe  from  check  valve 

body  to  venting  fitting . 

(3)  Disconnect  pipe  from  bulkhead  to  water  strainer. 

(4)  Remove  holding  screws  and  remove  check  valve 

and  strainer  body  assembly . 

E.  REMOVE  STOP  AND  CHARGING  VALVE  COMPLETE 

(1)  Disconnect  main  air  pipe  at  water  compartment 

bulkhead . . . 

(2)  Remove  holding  screws  and  stop  and  charging 

valve  group . 

F.  REMOVE  VENT  FITTING 

(1)  Remove  holding  screws  and  fitting . 

G.  REMOVE  WATER  COMPARTMENT  BULKHEAD  ASSEMBLY 

(1)  Remove  water  and  fuel  filling  plug . 

(2)  Unscrew  clamp  nut  for  main  air  connection 

through  water  compartment  bulkhead . 

(3)  Loosen  clamp  nut  and  unscrew  nipple  for  air  to 

water  compartment . 

(*)  Loosen  clamp  nut  and  unscrew  nipple  for  water 
from  water  compartment.. . . . 

(6)  Remove  water  compartment  holding  screws . 

(6)  Insert  lifting  handies  (S.G.  2868)  and  remove 
water  compartment  bulkhead  assembly . 

NOTE:  It  may  be  necessary  to  tap  around  joint 
with  lead  hammer  to  loosen  white  lead  joint. 

H.  REMOVE  FORWARD  AIR  FLASK  BULKHEAD  -  FORGED  FLASK 

(1)  Remove  pipe  from  blow  valve  body  to  exercise 

head . 

(2)  Remove  replacement  plugs  for  screw  eyes . 

(3)  Remove  10  holding  screws  for  bulkhead . 

(4)  Insert  screw  eyes  for  manipulating  head . 

(5)  Push  bulkhead  clear  of  seat,  rotate  bulkhead 

and  with  flats  lining  up  with  cutaways  in  seat 
of  flask  slide  head  out  clear . 

NOTE:  It  is  extremely  important  that  seat  on 
bulkhead  and  in  flask  be  protected  during  over¬ 
haul,  as  a  small  burr  caused  by  a  tool  being 
thrown  against  a  seat  may  cause  days  of  labor 
to  remove  by  grinding,  in  order  to  stop  leaks 
caused  by  same. 


14 1A 

U  1A 
141 A 

41 

134 
4  I 

41 


11,74,21? 

212A 


144 


144 

12 


4  (VI 
31* 
1 3  CvA 
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I.  REMOVE  FORWARD  AIR  FLASK  BULKHEAD  -  WELDED  PLASK 

(1)  Loosen  clamp  nut,  remove  locating  clamp,  and 
replace  clamp  nut  on  stud  in  forward  bulkhead 

(2)  Attach  piece  of  wire  or  heavy  string  to  clamp 

bolt  under  clamp  nut  and  holding  string  (or 
tut  re)  in  one  hand,  to  prevent  forward  bulkhead 
from  falling  inside  air  flask,  push  forward 
bulkhead  aft  to  break  seat . . . 

(3)  Turn  flats  In  bulkhead  to  line  up  with  slots  in 

air  flask  forward  dome  and  remove  forward  bulk¬ 
head  . 


*J.  REMOVE  MAIN  AIR 


M  %l 


1BCTI0N  IN  AFTBR  BULKHEAD 


(1)  Back  off  plamp  nut  and  remove  main  air  pipe 
assembly  through  forward  end  of  flask . 


K.  RBHOVB  FLASK  BLCH  VALVB  ASSBMBLY 

(1)  Disconnect  pipe  to  air  flask . 

(2)  Remove  holding  screw  and  valve  assembly . 

•L.  REMOVE  PIPE  FROM  BLOW  VALVE  TO  AIR  FLASK  -  FORGBD  FLASK 

(1)  Straighten  bend  in  pipe  sufficiently  tounscrew . 

(2)  Saturate  a  rag  with  water  and  pack  on  forward 

flask  head  seat  in  wake  of  pipe.  Apply  suffi¬ 
cient  heat  around  threads  to  run  solder  and 
unscrew  pipe.  (Excessive  heat  nay  vorp  bulk¬ 
head  seat  out  of  line  and  cause  a  leak ) . 

The  above  completes  disassembling  of  air  flask. 


TQQLNO. 


404 


2«1A 


14  1A 
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OVERHAUL,  ASSEMBLY  AMD  TESTS 

°M.  REPLACE  PIPE  FROM  BULKHEAD  FLANGE  TO  BLOW  VALVE  -  FORGED  FLA8K 

(1)  Clean  tapped  hole  In  flange  with  a  5/16*  -  20 

thread  bottoming  tap . . . . 

(2)  Tin  threaded  end  of  pipe  and  tapped  hole . 

(3)  Apply  enough  heat  on  flange  to  run  solder  and 

screw  pipe  in  place . 

(4)  After  resoldering  see  that  hole  in  pipe  is 

clear  of  solder . 

*N.  REPLACE  MAIN  AIR  CONNECTION  ON  AFTER  HEAD 

(1)  Apply  a  50-50  mixture  of  pure  strained  white 
lead  and  light  lubricating  oil  (C)  to  lapped 

surface  of  nipple  and  after  head . 

(2)  Insert  main  air  connection  in  bulkhead  through 

forward  end . . . 

(3)  Slip  clamp  nut  in  place  over  after  end  of  pipe 

and  secure . 

O.  TREAT  INTERIOR  OF  AIR  FLASK  -  FORGED  FLASK 
(1)  Clean  thoroughly  of  oil  and  examine  for  corro¬ 
sion.  If  corrosion  or  discoloration  is  noted, 
the  surface  must  be  scrubbed  with  clean  hot 
water,  using  a  stiff  bristle  brush  and  thor¬ 
oughly  dried.  Use  of  alkalies,  gasoline  (or 
other  volatile  liquids)  for  cleaning  is  for¬ 
bidden.  When  flask  is  thoroughly  dry,  all 
electroplated  surfaces  shall  be  given  a  light 
coating  of  equal  parts  of  steam  cylinder  oil 

and  hot  running  torpedo  oil . 

NOTE:  No  oil  should  be  applied  to  interior  of 
welded  flasks. 

P.  REPLACE  FORWARD  BULKHEAD  -  FORGED  FLASK 

e(l)  Apply  carborundum  grinding  compound  mixed  with 

oil  (D)  sparingly  around  seat  on  bulkhead . 

*  (2)  Insert  bulkhead  through  slots  in  air  flask  seat 

and  pull  the  bulkhead  up  to  its  seat  in  flask, 
catching  one  holding  screw  to  hold  in  place 
when  installing  grinding  tool . 

*  (3)  install  grinding  tool  and  proceed  to  grind 

bulkhead  to  its  seat,  wiping  and  inspecting 
occasionally  until  a  good  seat  is  obtained  all 
around . 

*  (4)  Remove  grinding  tool . 

(5)  Clean  and  dry  ground  seats  thoroughly  (do  not 

use  lye  or  other  alkali  nor  gasoline  or  vola¬ 
tile  oils  -  hot  water  only  should  be  used) 


TOQL_NQ . 


241 A 


135A 
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and  apply  a  50-50  mixture  of  pure  strained 
white  lead  and  light  lubricating  oil  (C)  to 
both  seats . 

(6)  install  screw  eyes.  Insert  bulkhead  through 
slots  in  air  flask  seats  and  pull  bulkhead  up 
on  Its  seat  with  numbers  stamped  uppermost, 
line  up  to  holes  and  proceed  to  secure  with  io 
holding  screws  coated  in  oil  (D)  (it  is  some¬ 
times  necessary  to  run  a  5/i6"  *  20  die  over 

the  holding  scfews  to  secure  a  proper  fit) . 

(7)  Remove  screw  eyes  and  replace  replacement  plugs.  . 


RBPLACB  FORWARD  BULKHEAD  -  VBL 


I  HI 


PL  ASK 


•  (1)  Apply  carborundum  grinding  compound  mixed  with 

oil  (D)  sparingly  around  seat  on  bulkhead . 

•(2)  insert  bulkhead  through  slots  in  air  flask  seat 
and  pull  bulkhead  up  to  Its  seat  (See  steps  I  - 

2  A  3) . 

•(3)  Install  grinding  tool  and  proceed  to  grind 
bulkhead  to  its  seat,  wiping  and  Inspecting 
occasionally  until  a  good  seat  is  obtained  all 

around . . . 

a (4)  Remove  grinding  tool . 

(5)  Clean  and  dry  ground  seats  thoroughly  (do  not 
use  lye  or  other  alkali  nor  gasoline  or  vola¬ 
tile  oils  -  hot  water  only  should  be  used I 
and  apply  a  50-50  mixture  of  pure  strained 
while  lead  and  light  lubricating  oil  (C)  to 

both  seats . 

(8)  Install  bulkhead  on  its  seat  -  hold  in  place  by 
center  boss  and  put  on  locating  clamp  -  making 
sure  that  clamp  seats  in  center  slot  in  bulkhead 

and  slots  in  air  flask  forward  dome . 

(7)  Assemble  clamp  nut  with  bellows  part  of  nut 
away  from  locating  clamp  and  secure . 


R.  FLASK  BLOW  YALVB 

(1)  Clean  and  inspect  blow  valve  body  and  parts. 

Remove  burrs  where  necessary  on  nipples  and  in 
blow  valve  seat.  Apply  oil  (B)  to  valve . 

(2)  Replace  new  washer  around  blow  valve  stem  and 

assemble  blow  valve  in  body . 

(3)  Replaoe  retainer  over  blow  valve  stem  and  se¬ 
cure  with  set  screw . 

(4)  Replace  blow  valve  on  air  flask  and  secure  with 

screw . . . 

(5)  Clean  out  Joint  screw  holes  with  a  tap . 


135A 

39 


4  04 


49 

37 

41 
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T00L_NQ. 

S.  TEST  Ain  FLASK  BULKHEAD  FOR  LEAKS 

(1)  Connect  special  fitting  (furnished  with  work¬ 
shop  equipment)  to  main  air  nipple  in  after 

hul khead . 

(2)  Close  flask  blow  valve . 

(3)  upon  line  gradually  and  charge  flask  to  800  lbs . 

(4)  Squirt  light  lubricating  oil  (C)  around  forward 

bulkhead  Joint  and  test  for  leaks,  using  a 
lighted  taper  as  an  additional  means  for  indi¬ 
cating  leaks . . .  71 

(3)  Test  concluded  open  blow  valve  and  allow  air 

to  bleed  until  empty,  remove  test  connection .  49 

T.  WATER  COMPARTMENT  BULKHEAD  WITH  PARTS  ASSEMBLED  ON 

VI)  Disconnect  air  pipe  from  bulkhead  to  fuel  flask .  229 

(2)  D  is  connect  fuel  pipe  from  bulkhead  to  fuel 

flask . . .  141A 

(3)  Remove  3  screws  for  bracket  and  fuel  flask,  and 

remove  fuel  flask .  04,49A 

*(4)  Disconnect  and  remove  air  pipe  to  fuel  flask 

and  fuel  pipe  from  fuel  flask  at  bulkhead .  229 

o(5)  Unscrew  screws  (2  each)  and  remove  the  three 

brackots  for  fuel  flask .  40 

0(6)  To  move  nipples  for  fuel  and  fuel  air  leads, 
apply  only  sufficient  heat  to  each  nipple  to 

run  solder  and  unscrew  nipples .  141A 

0(7)  To  replace  nipples,  clean  tapped  holes  in  bulk¬ 
heads  and  tin  threads  on  nipples  and  screw  into  WE85 

holes  In  bulkhead,  apply  only  sufficient  heat  WF83 

to  keep  solder  soft  until  screwed  all  the  way  ME94 

up.  After  soldering  In  place,  reseat  seats  on  WE95 

end  of  nipples  and  chase  burrs  off  thread . 

0(8)  Replace  the  3  brackets  for  fuel  flask  on  bulk¬ 
head  and  secure  witn  holding  screws .  40 

0(9)  Clean,  Inspect,  dress  burrs  off  where  necessary 
and  connect  pipes  to  bulkhead  as  follows; 

(a)  Air  pipe  from  bulkhead  to  fuel  flask  at 

bulkhead .  229 

(b)  Fuel  pipe  from  bulkhead  to  fuel  flask  at 

bulkhead .  141A 

(10)  Clean,  Inspect  and  test  fuel  flask  for  leaks  as 
follows: 

(a)  Blank  off  air  connection .  229 

(b)  Connect  test  pipe  from  Tuel  outlet  connec¬ 
tion  to  valve  on  outlet  pipe  for  spray  and 
check  valve  testing  outfit,  described  in 
O.D.  #750.  No  water  should  be  used  in  test 

tank  when  testing  fuel  flask .  141A 


141 


TOOL  KU. 

(c)  Open  low  pressure  sir  valve  and  allow  pres¬ 
sure  to  enter  fuel  flask  f aoout  45  lbs) . 

(d)  Submerge  fuel  tank  in  water  and  note  if 

bubbles  rise  indicating  a  leak . 

( e)  Test  completed,  dry  fuel  Tl-sk,  cover  with  h'E82,"E83 

light  lubricating  oil  (C) ,  and  dress  burrs  WE94 

of  nipples  on  fuel  fl»sk  if  necessary .  KE95 

(11)  Replace  fuel  tank  In  bracket  and  secure  with  3 

screws .  49  bent 


(12)  Connect  air  and  fuel  pipes  to  fuel  flask .  229.  I41A 

(13)  Clean  Interior  of  water  compartment,  clean  out 

fitting  and  vent  holes . . . 

(14)  Cleaji,  inspect  and  lnsLall  air  pipe  and  nipple 

for  air  to  water  compartment .  229 

(15)  Clean  bulkhead  seats  including  tapped  screw 
holes  and  apply  a  coating  of  white  lead  and 

light  lubricating  oil  (C)  on  seats . 

(16)  Install  water  compartment  bulkhead  assembly, 
guiding  main  air  connection  nipple  through  hole 
In  bulkhead  and  secure  with  holding  screws  dipped 


In  compound  steam  cylinder  oil  (D) .  12 

(17)  Screw  clamp  nut  over  main  air  connection  nipple 

and  socure . 24  1  A, 242 A 


U.  STOP  AND  CHARGING  VALVE  GROUP 

(1)  Remove  charging  valve  plug  and  washer .  13-14 

(2)  Remove  check  valve  guide, cheok  \alve  end  spring .  12 

(3)  Remove  stop  valve  plug  and  spindle .  183 

(4)  Remove  stop  valve  and  carrier .  405 

<■(5)  Remove  keep  screw  and  bushing  for  cherglng 

valve .  81,420  with  377 


* (6)  Scribe  assembly  marks  on  main  air  pipe  and  stop 
valve  body. Apply  sufficient  heat  around  threads 
to  soften  solder,  unscrew  main  air  pipe  and 

wipe  solder  from  valve  body . 

*  (7)  Try  threads  on  main  air  pipe  for.  fit  In  thread¬ 
ed  hole  In  valve  body,  tin  threads  of  both. 

Slip  nut  over  end  of  pipe,  apply  sufficient 
heat  around  threads  to  soften  solder  and  screw 
pipe  in  place  In  body,  lini-ng  up  scribe  marks. 

NOTE:  If  a  new  pipe  is  fitted  screw  Pipe  into 
valve  body  without  soldering.  Install  valve 
group  on  air  flask  and  secure  in  place.  Fit 
main  air  pipe  to  line  up  with  main  air  nipple 
in  center  of  water  compartment  bulkhead  and 
scribe  marks  on  pipe  and  stop  valve  body .  remove 

and  solder  in  place  .as  described  above . 

o(8)  Reseat  main  air  connection  nipple.  Reseat  seat  "Tibi 

for  stop  valve.  Reseat  stop  valve  plug  seat  in  UKSO 

valve  body . WE41.WB42 
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* (9)  Screw  new  charging  valve  bushing  in  place,  mark 
place  opposite  keep  screw  hole,  remove  bushing 
and  with  small  round  file  remove  sufficient 
stock  on  bushing  to  correspond  with  half  of 
hole  drilled  before  tapping,  replace  bushing  in 
valve  body  with  hole  for  keep  screw  lining  up, 
run  a  drill  into  hole  and  follow  up  with  a  tap. 

Insert  keep  screw  for  bushing . 

•>(10)  Reseat  charging  check  valve  seat . 

0(11)  Lap  charging  check  valve  to  seat . 

(12)  Clean  charging  check  valve  and  seat,  replace 

valve  and  spring . 

(13)  Clean,  Inspect,  remove  burrs  where  necessary 

and  see  that  stop  pin  is  screwed  in  tight  on 
guide  for  check  valve.  Replace  over  spring 
and  check  valve  in  valve  body,  screwing  up 
tight  against  a  copper  washer.  Replace  charg¬ 
ing  valve  washer  and  plug . 

(14)  Grind  stop  valve  to  seat.  Apply  lapping  com¬ 

pound  sparingly,  screw  stop  valve  and  carrier 
down  to  seat  but  not  hard  enough  to  take  up. 
Insert  a  screw  driver  through  carrier  to  slot 
in  stop  valve  and  grind  until  seated . 

(15)  Wash  grinding  compound  from  valve  seat,  clean, 

oil  (C)  and  install  stop  valve  carrier  with 
valve . 

(16)  Remove  screw  and  stop  valve  spindle  follower 

and  stop  valve  spindle  from  stop  valve  plug. 
Clean,  inspect,  remove  burrs,  lap  stop  valve 
spindle  to  seat  in  plug,  oil  (C)  and  assemble 
spindle  follower  and  keep  screw  in  plug . . 

(17)  Replace  washer  and  stop  valve  plug  In  valve 

b  ody . . . . . 

(18)  Test  stop  and  charging  valve  assembly  for  leaks, 
using  blanks  and  nipples  furnished  with  Work¬ 
shop  Equipment,  and  test  panel  (S*e  0.  D.  7B0) 

(Id)  Install  stop  and  charging  valve  group  on  air 
flask  as  follows. 

Catch  threads  on  main  air  pipe  nut  to  nipple  on 
bulkhead,  line  up  and  secure  valve  body  to  mid¬ 
ship  shell  with  4  screws.  Turn  main  air  con¬ 
nection  nut  until  it  is  fully  tightened . 


TQOLNO . 
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with 

377 


81 

WE46 

41 


12 

13-14 


405 

41 


180 


181,81 


134 

41 

134 


V.  AIR  CHECK  VALVES 

(1)  Remove  plugs  end  washers  for  check  valve  body 

(2)  Remove  check  valve  plug  and  guide  with  center¬ 
ing  bushing,  check  valve  and  spring . 


405 

12 

74 
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°(3)  Reseat  seats  for  valves,  use  air  check  valve 
plug  with  centering  bushing  renoved  for  guiding 

tool  when  cutting .  WE  108 

e  (4)  Reseat  seat  for  air  check  valve  plug  washer .  WE113 

®  (5)  Reseat  seats  on  pipe  nipples  and  remove  burrs 

on  threads .  WE83 

0  (6)  Reseat  outer  seat  of  valve  on  plug .  WElH 

«  (7)  Reseat  outer  seat  on  valve .  WEI  11 

°(8)  Lap  hole  In  air  check  valve  plug  and  sleeve  on  WE107 

check  valve  to  fit  (a  tool  is  provided  for  hold-  WEllO 

ing  valve  for  operations  (&),(&)  and  (l)  above ) .  WE112 

(9)  Clean,  Inspect,  oil  (C)  and  assemble  air  check  • 
valves,  springs  and  plugs  in  air  check  valve 
body,  holding  valves  in  plugs  with  screw  rods 

until  threads  are  engaged,  then  remove  screw  74 

rod  and  set  up  on  plugs.. .  12 

(10)  Replace  plugs  and  washers  for  check  valve  body .  405 

(11)  Test  air  check  valves  (see  0.  D.  #750  for  this 

test) . 

(12)  Wipe  dry  and  re-oil  (C)  air  check  valve  after  12,74 

test,  install  on  air  flask  with  holding  screws 

and  connect  pipes . 41,229,14lA 

W-  FUEL  AND  WATER  DELIVERY  CHECK  VALVES  AND  STRAINER 

(1)  Remove  plugs  for  strainers  and  remove  strainers .  405.372A 

(2)  Remove  plugs  and  washers  for  fuel  and  water 

check  valves .  406 

(3)  Remove  valve  guides  with  valves  and  springs .  74,407 

®(4)  Remove  burrs  out  of  holes  in  body  for  check 

valves .  WEI  19 

o(5)  Reseat  counterbored  nipples  on  body  and  remove  WE85 

burrs  on  threads . WE94A,WE95,  WE87 

o(6)  Remove  burrs  in  tapped  hole  for  check  valve 

guides .  WEI  17 

(7)  Clean,  Inspect  and  oil  (C)  check  valve  body . 

o (8)  Ream  burrs  out  of  small  diameter  hole  in  check 

valve  guide .  WE120 

0(9)  Ream  buhrs  out  of  large  diameter  hole  in  check 

valve  guide .  WE124 

o(10)  Reseat  outer  seat  for  valve  in  check  valve 

guide .  WE121 

o(ll)  Reseat  outer  seat  on  valve  ( a  tool  is  provided  WE122 

for  holding  valve  during  this  operation  and 

when  lapping  valve  stem  into  hole  in  guide) .  WE127 

o(12)  Lap  valve  stems  into  guide . 

0(13)  Lap  valves  to  their  seats  in  body .  74 

(14)  Clean,  inspect,  oil  (C)  and  assemble  spring  and 

valve  in  guide  and  replace  in  check  valve  body .  141A 

(15)  Clean,  inspect  and  replace  check  valve  plugs 

and  washers .  407 


TQQLJJO. 

(16) 

Clean,  inspect,  oil  (C)  and  replace  strainers 
(do  not  set  up  strainers  more  than  hand  taut 

•  •  •  • 

(17) 

(18) 

....  405 

Test  delivery  check  valves  and  strainers  (see 

•  •  f  • 

(19) 

Wipe  dry  and  re-oil  (C)  check  valves  and  strain- 

74,405 
. ..  .  408,407 

(20) 

Install  on  air  flask  and  secure  with  holding 

....  41 

(21) 

....  141A 

X.  TEST  WATER  COMPARTMENT  FOR  LEAKS 

(1)  See  O.D.  #750  for  instructions  relative  to  this 
test . . . 

The  above  completes  overhaul  and  test  of  air  flask. 
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PART  III 

AFTERBODY  -  REMOVAL  OF  MAJOR  UNITS  FROM 

XQQLJU). 

NOTE:  Steps  preceded  by  an  asterisk  (")  are 
necessary  only  token  repairing  or  replacing 
damaged  parts. 

A.  GYRO  AND  IMMERSION  MBCHANISM 

(1)  Remove  hand  hole  plates  (toith  afterbody  bottom 

. . .  300*48 

(2)  Disconnect  air  leads  from  horizontal  and  verti¬ 
cal  steering  engines . 141A 

(3)  Remove  pipe  from  steering  engine  to  gyro  reduc¬ 
ing  valve .  141A 

(4)  Remove  valve  connection  clamp  screws  for  both 

engines . . .  24flA 

(5)  Remove  engine  holding  screws,  detach  engines 
from  gyro  pot  and  lay  aside  In  afterbody  leaving 

engines  connected  to  rudder  rods . 72.49.49A 

(6)  Disconnect  gyro  spin  lead.... . 329 

(7)  Remove  transportation  pin,  and  holding  screws 

for  gyro  and  Immersion  mechanism  bass .  49.459 

(8)  Remove  tension  on  depth  spring .  135A 

(9)  Put  lifting  screws  In  gyro  and  immersion  mech¬ 
anism  base  and  remove  mechanism  from  afterbody . . .  200 

(10)  Remove  rudder  rod  pins  and  take  horizontal  and 

vertical  steering  engines  out  of  afterbody .  449 


(1)  Remove  air  pipe  to  Igniter .  141A 

(2)  Remove  air  pipe  to  air  check  valve .  229 

(3)  Remove  oil  pipe  to  reducing  valve .  48.141A 

(4)  Remove  gyro  spin  pipe .  229 

(5)  Remove  fuel  and  water  pipes  to  spray .  14  4  >141 A 

(6)  Remove  air  pipe  from  starting  valve  to  bulkhead .  14lA 

(7)  Remove  air  pipe  from  bulkhead  to  reducing  valve 

(starting  gear  return I .  14lA 

(8)  Remove  air  pipe  from  reducing  valve  go  air 

strainer .  141A 

(9)  Disconnect  main  air  connection  between  valve 

group  and  combustion  flask.  ( loosen  coupling  134A 

nut,  then  remove  valve  group  holding  scretos  227A 

before  disconnecting  coupling) . 

(10)  Remove  vent  pipe .  14 lA 

(11)  Remove  nuts  for  nozzle  stud  and  remove  combus¬ 
tion  flask  with  nozzle  and  gasket .  227A 
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C.  TAIL  (MARK  13  TORPEDO) 

(1)  Remove  holding  screws  for  top,  bottom  and  side 

rails . 

NOTE  It  is  good  practice  to  nark  screws  for 
replacement  in  the  holes  from  which  removed. 

(2)  Remove  side  rails  and  rudder  arms . . . 

(3)  Remove  depth  rudders . 

(4)  Remove  bottom  rail  and  rudder  arms . . . 

(5)  Remove  lower  steering  rudder . 

(G)  Remove  upper  rail  with  rudder  arms, upper  steer¬ 
ing  rudder  and  rudder;  support  body  assembly . 

(7)  Remove  holding  nut,  after  propeller  and  sleeve 

with  bushings . . . . 

(8)  Remove  keep  screws,  propeller  nut,  forward  pro¬ 
peller  and  hub  (use  lead  maul  if  necessary) . 

(0)  Remove  forward  propeller  hub  keys  on  sleeve . . 

(10)  Remove  4  drain  plugs  in  tall  cone  and  discon¬ 
nect  and  remove  rudder  rod  connecting  screws . 

(11)  Remove  16  tail  Joint  screws  and  remove  tall . 

(12)  Remove  wire,  securing  screws  and  holding  clips 

for  forward  propeller  sleeve . 

NOTE  To  remove  clips,  it  will  be  necessary  to 
turn  propeller  shaft  in  line  with  recess  in 
after  bulkhead.  Pry  out  with  screw  driver. 

(13)  Remove  forward  propeller  sleeve . 


IQQl-NO. 


40,39 


183A 

185C 

41 

13-14 
184  A 
72 
40 


D.  TAIL  (MARK  13  MODIFICATION  TORPEDOES) 


(1)  Remove  holding  nut,  after  propeller  and  sleeve 

with  four  (4)  bushings . 

(2)  Remove  two  (2)  lock  screws  from  lock  nut  for 

forward  propeller  and  remove  lock  nut . 

(3)  Remove  forward  propeller  and  hub  from  forward 
propeller  sleeve  (use  lead  maul  if  necessary) . 

(4)  Remove  keys  from  sleeve,  use  screw  driver  in 

milled  slot  In  key . 

(5)  Remove  four  (4)  drain  plugs,  disconnect  and 

remove  rudder  rod  connecting  pins . 

(6)  Remove  sixteen  (16)  tail  Joint  screws  and  re¬ 
move  tail . 

(7)  Remove  wire  and  four  (4)  locking  clip  screws 

(8)  Turn  forward  propeller  sleeve  until  locking 

clips  are  in  alignment  with  milled  slot  In 
after  bulkhead  and  remove  four  (4)  locking 
clips;  pry  out  with  a  screw  driver . 

(9)  Remove  forward  propeller  sleeve . 


183 

40 

185C,185D 


41 

13-14 

184 

72,41 


4  1 
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TOOL  NO 

E.  GEAR  TRAIN  ASSEMBLY 

(1)  Disconnect  gyro  spin  pip**  at  nipple  in  strength-  229 

enlng  ring  . 

(2)  Disconnect  oil  pipe,  from  purap  to  oil  tank,  at 

oil  tank . .  H •*!« 

(3)  Disconnect  air  pipe  from  bulkhead  to  air  strain¬ 
er  at  manifold  on  strengthening  ring . 

(4)  Disconnect  air  pipe  from  starting  valve  to 
starting  gear  at  manifold  on  strengthening 

ring .  1  4  1  A 

(5)  Disconnect  air  pipe  from  starting  gear  to  reduc¬ 
ing  valve  at  manifold  on  strengthening  ring .  14  iA 

(6)  Remove  nuts  for  engine  bulkhead  studs .  18 

(7)  Install  bearing  guide  on  after  propeller  shaft .  WE34 

(8)  Install  lifting  handles  on  bulkhead  and  remove 

gear  train  assembly  from  afterbody .  440A.446H 

F.  STARTING  GEAR 

(1)  Disconnect  air  pipe  from  starting  valve  to 

starting  gear .  14  IA 

(2)  Disconnect  air  pipe  from  starting  gear  to  re¬ 
ducing  valve .  I  4  1  A 

(3)  Remove  holding  screws,  starting  gear  and  gasket .  4  1 

0.  DISCONNECT  PIPES  IN  AFTERBODY 

(1)  Disconnect  air  pipe  from  strengthening  ring  to 

air  st  rainer .  I  4  1  A 

(8)  Disconnect  air  pipes  to  depth  and  steering 

engine .  14  1 A 

(3)  Disconnect  gyro  spin  from  manifold  on  strength¬ 
ening  ring  to  gyro  pot . • .  229 

(4)  Disconnect  oil  filling  pipe  from  filling  brack¬ 
et  to  oil  tank .  191 

(5)  Disconnect  vent  pipe  from  oil  tank .  141A 

H.  DEPTH  AND  STEERING  RUDDER  RODS 

(1)  Remove  cotter  pins,  unscrew  rudder  connection 

ends,  loosen  packing  glands  end  remove  rudder  166 

rods,  pulling  through  from  the  inside .  72.229 

I.  EXHAUST  VALVES 

(1)  Place  cotter  pins  in  holes  in  ends  of  exhaust 

valve  stems .  72 

(2)  Remove  cotter  pins  and  holding  nuts  for  exhaust  72 

valve  bracket .  457 

(3)  Remove  exhaust  valve  bracket  with  exhaust  valves  . . 
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J.  DEPTH  INDEX  ASSEMBLY 

*1>  Remove  cotter  pin  and  index  spindle  socket 

extension . . 

(2 )  Remove  spring  . 

*3)  Remove  cotter  pin  and  spring  seat . 

'4'  Back  out  packing  gland . 

1 8»  Remove  index  spindle . . . . . 

ffti  Remove  index  dial  and  pinion . 

0 (7’  Stationary  pinion  rack  should  never  be  removed 
except  for  replacement  of  a  damaged  part  in 
which  case  apply  sufficient  heat  on  set  screw 
to  loosen  solder.  Unscrew  set  screw  and  pry 
the  rack  out.  Extreme  care  must  be  exercised 
not  to  apply  more  heat  than  necessary,  as  the 
solder  around  casing  may  become  loose  and  cause 
a  leak. 

K  REMOVE  OIL  TANK 

(l.t  Remove  wires  for  holding  screws  for  holding 

brackets . . 

(2)  Remove  screws  and  holding  brackets .  . 

<3)  Remove  oil  tank . 

L.  EXHAUST  TUBES 

#'l)  Remove  wires,  through  screw  heads,  and  screws 

and  thimbles  for  exhaust  tubes . 

«  < 2)  Pry  after  end  of  exhaust  tubes  clear  of  grooves 

and  remove  exhaust  tubes . 

M.  AFTER  BULKHEAD  BEARING 

( 1)  Remove  2  screws  for  bearing . 

(2)  Remove  bearing  ( use  a  stick  of  hard  xood  and 

tap  from  the  after  end) . 

The  above  completes  removal  of  parts  assembled  with  afterbody 

shell  group. 


TOOL.  NO . 

72 

72 

18 


72 

184 


41 


36G 
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PART  IV 

OVERHAUL.  TEST  ARP  ASSEMBLE  PARTS  ASSEMBLED  WITH 

AFTER  BOO  Y  SH  E  L  L_GR  OUP 

A.  AFTERBODY  SHELL  RINGS  AND  FLANGES 

(1)  Clean  and  Inspect  afterbody  for  loose  rivets, 
loose  solder  around  flanges,  bulkhead,  engine 
cage,  water  circulating  pipes,  arter  bulkhead 
etc . 


ZOQLliO* 


B.  EXHAUST  TUBES 


•(1)  Reform  after  ends  of  exhaust  tubes  (i f  using  M'F210 

tubes  Previously  removed) . 

•(2)  Insert  exhaust  tubes  through  forward  end ,  guide 
ends  Into  holes  In  after  bulkhead  and  push  in 

plaoe.  Roll  Into  groove  with  espander  tool,  *E2O0 

line  up  forward  ends  with  holes  in  strengthen¬ 
ing  ring  (vertical  bulkhead) . 

•(3)  Insert  thimbles  for  exhaust  tubes  and  secure  72 

with  (6  each)  screws,  siting  screws  together .  4  1 


C.  AFTER  BULKHEAD  BEARING 

(1)  Clean,  Inspect  and  dress  burrs  off  where  neces¬ 
sary  on  after  bearing . . 

(2)  Replace  a  new  gasket  and  after  bearing  securing 

with  2  holding  screws .  386 

D.  OIL  TANK 

(1)  Clean  and  wash  Interior  of  tank  with  solution  of 

trl -sodium  phosphate..... . 

•(2)  Small  dents  may  be  removed  by  the  application 
of  hydraulic  pressure  to  the  Interior;  about 

5  lbs.  should  be  sufficient . 

•  (3)  Dress  burrs  found  on  seats  or  threads  ofnlpplea . 

(4)  Replace  oil  tank  in  afterbody  pointing  after., 
holding  stud  Into  slotted  clip  on  after  bulk¬ 
head  . 

(6)  Replace  securing  brackets  and  secure  brackets 

to  strengthening  rings  with  screws .  wire  screws .  72tl84 

B.  RUDDER  RODS  AND  CONNECTIONS 

(1)  Clean,  Inspect  and  remove  burrs  where  necessary . 

(2)  Remove  old  packing.  Clean  and  Inspect  stuffing 

boxes  for  rudder  connections . 

(3)  Replace  rudder  rods  and  connections  through 
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TOOL, NO. 

stuffing  boxes,  with  guides  on  connections  In 
alignment  with  guide  slots . 

(4)  Repack  rudder  rod  stuffing  boxes  using  2  pieces 
7"  long  of  3/16"  diameter  asbestos  packing.  Set 

up  on  packing  gland  for  stuffing  box,  gradually  229 

working  rudder  rods  back  and  forth;  use  oil  (D) 
on  packing  when  working  into  place.  It  Day  be 
necessary  to  add  more  packing,  in  which  case 
split  3/16"  packing  to  the  amount  required. When 
properly  packed,  rods  should  move  with  a  push 
balance  test  of  not  more  than  9  lbs.  with  the 

gland  nut  set  up  flush .  96 

NOTE’  It  is  important  that  gland  nut  be  set  up 
flush  as  otherwise  the  rudder  rod  movement  may 
be  restricted 

(5)  Replace  rudder  connection  ends  and  pin  in  place 

with  cotter  pins .  72 

F.  EXHAUST  VALVES 

(1)  Clean  and  Inspect  exhaust  valves  and  their 

seats . 

(2)  Assemble  valves  in  exhaust  valve  bracket  with¬ 

out  springs .(Note  that  numbers  on  valves  corre¬ 
spond  with  numbers  on  seats) . 

(3)  Replace  bracket  with  exhaust  valves  over  studs 

and  secure  with  nuts .  457 

(4)  Check  valve  alignment  to  seat  by  inserting 
strips  of  cigarette  paper  dipped  in  oil  (C) 
about  90°  apart,  across  seats  of  valves.  Hold 
valves  against  seats  and  try  to  remove  paper 
strips.  If  this  can  be  done  without  binding, 

valve  is  out  of  alignment  with  seat . 

«  (5)  Insert  valve  in  a  collet  on  bench  lathe  and 
determine  if  seat  on  valve  runs  true  by  placing 
indicator  in  tool  post  and  against  valve.  If 
seat  runs  out  more  than  ?002,  it  will  be  neces¬ 


sary  to  turn  the  seat  true  in  bench  lathe .  WE10 

’(6)  If  valve  seat  is  found  out  of  alignment , install 
reseating  tool  in  valve  bracket  in  line  with 
valve  seat  to  be  refaced  and  secure  bracket  on 

studs.  Place  forked  end  of  expander  clamp  over  VVE214 

stem  between  cutter  and  bearing  boss  on  bracket, 

set  up  on  screw  in  center  of  expander  clamp  and  457 

turn  reseating  tool  until  new  seat  is  . .  40,227 

(7)  Having  obtained  true  seats,  grind  valves  to 

seat  using  grinding  compound  sparingly .  40 

(8)  Remove  valves  and  bracket,  clean  and  oil  (B) 

valves  and  seats . 
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TQOL_NO. 

(9)  Replace  valves  with  spring  on  bracket,  numbers 
corresponding  with  numbers  on  seat,  Inserting 
cotter  pins  In  ends  of  valve  stems  to  hold 
valves  In  bracket  during  assembly  on  after 

bulkhead .  72 

(10)  Replace  exhaust  valve  bracket  with  valves  and 
springs  on  studs  on  after  bulkhead,  secure  with 

nuts  and  cotter  pins .  72,437 

(11)  Remove  assembly  cotter  pins  on  exhaust  valve 

stems . . 

G.  AFTER  BULKHEAD 

(1)  Clean  tapped  holes  for  Joint  screws  for  tail . 

H.  PROPELLER  SHAFT  PACKING 

(1)  Unscrew  follower  for  packing,  remove  old  pack¬ 
ing,  clean  and  Inspect .  452 

(2)  Replace  fol  lower ,  setting  up  by  hand . 

I.  CIRCULATING  WATER  HOLES 

(1)  Clean  and  blow  air  through  to  see  If  holes  are 

clogged  up .  41 

J.  DEPTH  INDEX 

(1)  Clean,  Inspect  teeth  in  fixed  wheel  and  remove 

burrs  where  necessary . 

<•(2)  To  remove  fixed  wheel  from  casing  (see  part 


III  -  Step  J-7  . . .  41,72 

•  (3)  To  replace  fixed  wheel  remove  burrs  if  necessary, 

push  In  place, secure  with  lock  screw  and  resolder .  41,72 

(4)  011  (B)  and  replace  pinion,  Index  wheel  and 

depth  Index  spindle .  135A 

(5)  Replace  felt  packing  ring  and  gland  around 

depth  index  spindle  and  tighten  up  on  gland .  18 

(6)  Replace  spring  seat  and  secure  with  cotter  pin .  72 

(7)  Replace  spring . . 

(8)  Replace  depth  Index  socket  extension  and  spindle 

and  secure  with  cotter  pin .  72 

K.  PIPES  ASSEMBLED  WITH  AFTERBODY 

11)  Clean,  inspect,  reseat  seats  on  collars,  chase  141A 

burrs  from  threads  and  connect  pipes,  removed  229,191 

in  PART  III,  Step  G,  disassembly  of  afterbody . WE85,"E83 


WE  94 , WE95 


The  above  completes  assembly  of  afterbody  ready  for  installation  of 
major  units  and  tail. 
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PART  V 

VALVE  GROUP  AND  SUPERHEATER 

—  —  »■—  —  —  —  — 

DISASSEMBLY,  OVERHAUL,  ASSEMBLY  AND  TEST 


TQQL-im 

DISASSEMBLE  REDUCING  VALVE 

(1) 

(2^ 

chpaH  crrPM  And  pd  ririT.  . 

\OJ 

(a\ 

w/ 

(a) 

\w 

\  *  / 

(8) 

(a\ 

.  i an. 252 

(10)  Lift  out  sylphon,  remove  valve  and  stem  and 

m mnvA  wraKap  .  .  .  ......  • 

•  uwv  »  w  . . —  -  -  - 

REMOVE  STARTING  VALVE 

(1) 

Remove  starting  valve  follower  nut  and  cap . 

.  151 , 151A 

(2)  Remove  spring  and  starting  val 


C.  STARTING  AND  REDUCING  VALVE  BODY 

(1)  Clean,  Inspect, chase  burrs  off  threads  and  seats 

of  nipples  where  necessary .  WE94,WEfl6 

D.  STARTING  VALVE 

(1)  Clean  and  inspect  starting  valve . 

«(2)  Reseat  seat  In  body  for  starting  valve .  24,WE50 

•(3)  Lap  hole  In  body  for  starting  valve  piston .  WE53 

*(4)  Grind  starting  valve  to  its  seat .  212,WE54 

*(5)  Lap  starting  valve  piston  rings .  WE51  A  52 

*  (6)  Grind  starting  cap  to  seat  in  body .  WE55 

(7)  Clean,  oil  (B)  and  assemble  starting  valve  in  212 

body,  replace  starting  valve  cap  and  follower .  151.151A 


E.  OVERHAUL,  ASSEMBLE  AND  TEST  REDUCING  VALVE 

(1)  Clean,  with  particular  attention  to  hole  for 
oil,  inspect,  remove  burrs  if  necessary,  and 
oil  (B)  hole  in  reducing  valve  body  for  reduc¬ 


ing  valve  stem . 

*  (2)  Lap  hole  in  body  for  reducing  valve  sleeve .  WE59 

*  (3)  Lap  reducing  valve  sleeve  to  body .  WE6° 

*  (4)  Lap  reducing  valve  sleeve  to  stem .  WE61 

*  (5)  Lap  reducing  valve  stem  to  sleeve .  *VE62 

*  (6)  Lap  flAnge  on  sylphon  cup  to  valve  body . 


toql.sq. 


<7>  Clean,  oil  1C)  and  replace  sylphon  diaphragm 

assembly  with  valve  washer.. . 

(8)  Clean,  oil  (C)  and  replace  reducing  valve  with 

stem  entering  sylphon  sleeve  from  valve  end . . . *  180 

(9)  Clean,  inspect,  remove  burrs  where  necessary, 
and  replace  reducing  valve  stem  nut  and  lock 

nut .  180,252 

'  10)  Test  sylphon  diaphragm  for  leaks,  see  O.D.  #750 . 


(11)  Clean,  Inspect, oil  (C)  and  replace  inner  spring 

stem  with  collar...... . . . . . . 

(12)  Clean,  Inspect, oil  (C;  and  replace  outer  spring 

button  tn  spring  casing . . 

«13)  Oil  (D)  and  replace  reducing  valve  spring.. . . . 

'  14)  Replace  reducing  valve  spring  case  setting  up 


hard . . . . . . - .  377 

( 15)  Replace  speed  ring  and  screw .  12 

'16)  Install  a  new  spring  case  seal . . . 

(17)  Clean,  Inspect  and  replace  clamp  with  clamp 

screw  for  spring  case .  49 

'181  Clean,  Inspect,  oil  (C)  and  replace  plug  with 

pipes  and  washer  over  the  reducing  valve... . .  19  1 

(19)  Test  assembled  reducing  valve,  see  O.D.  #750 . 


F.  COMBUSTION  POT  AND  NOZZLE,  DISASSEMBLE 

(1)  Remove  fuel  spray  and  washer . . .  388 

(2)  Remove  water  spray  and  washer . . .  388 

(3)  Remove  dummy  igniter  and  washer — . .  39 1A 


C.  COMBUSTION  POT  AND  NOZZLE,  ASSEMBLE 

'1)  Inspect  and  clean  interior  of  combustion  pot 


*(2)  Reseat  seat  and  clean  threads  on  nipples  on  WE92,WE95 

combustion  flask . . . . . WE89,WE86 

<•  ^3)  Run  nozzle  clearance  tool  through  nozzle . .  WE37B 

(4)  Test  fuel  and  water  sprays,  see  O.D.  #750,  and 

replace  in  holders . . .  12,141A 

(5'  Replace  spray  holders  in  combustion  pot .  388 

(6)  Test  combustion  flask  and  nozzle  assembled  for 

leaks,  see  0-D.  #750 . . . 


The  above  completes  assembly  of  valve  group  and  superheater. 
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PART  VI 
MAIN  ENGINE 
DISASSEMBLE 

IQOL_NO. 

A.  REMOVE  TURBINE  BULKHEAD 

(1)  Hold  assembly  In  special  Jaws  In  vise .  300 

(2)  Disconnect  gyro  spin  pipe  on  bulkhead .  229 

(3)  Disconnect  air  pipe  to  air  strainer  on  bulkhead .  141A 

(4)  Disconnect  air  pipe  to  starting  gear  on  bulkhead .  141A 

(5)  Disconnect  air  pipe  from  starting  gear  on  bulk¬ 
head .  14 1A 

NOTE:  It  is  good  practice  to  tag  pipes  in  steps 
3,4  and  5  above  Prior  to  removal.  These  Pipes 
are  very  similar  and  can  easily  be  replaced  on 
the  wrong  nipple  if  not  tagged. 

(6)  Take  out  cotter  pins,  and  remove  nuts  for  tur¬ 
bine  A  frame  studs .  72,  141 A 

(7)  Remove  bulkhead . 

B.  REMOVE  OIL  PUMP 

(1)  Remove  wire  and  two  holding  screws  for  oil  pump .  72,49 

(2)  Remove  oil  connection  for  crosshead .  12 

(3)  Remove  oil  pump,  being  careful  not  to  burr  oil 

connection  or  sleeve . 

C.  REMOVE  SECOND  TURBINE,  SHAFT  AND  BEARING 

(1)  Remove  worm  for  driving  oil  pump  (holding  tur -  229 

bine  and  shaft  from  dropping  out  with  clip) .  454 

(2)  Remove  washer  under  worm . 

(3)  Remove  ring  for  lower  bearing  end . 

(4)  Remove  12  balls  In  lower  bearing  end . 

(5)  Remove  cotter  pin,  clamp  screw  and  nut  for  low¬ 
er  bearing .  13-14,72 

1 6$  Remove  unlocking  lever  for  lower  bearing .  72 

(7)  Remove  cotter  pins,  and  loosen  up  on  bolts  for 

A  frame  and  spindle  casing . .  72.227A 

(8)  Unscrew  bottom  bearing  race  and  remove . *231,54,228 

(9)  Remove  12  balls,  center  race  and  upper  ring  of 

lower  bearing . 

(10) Remove  clip  for  holding  turbines  together,  and 
push  second  turbine  and  shaft  out  through  first 
turbine  spindle,  removing  driving  pinion  from 
spindle  casing.... . • . 
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D.  REMOVE  FIRST  TURBINE  WHEEL,  SPINDLE  AND  BEARINGS 

(1)  Remove  cotter  pins,  lock  screws  and  turbine 

wheel  nut . 

(2)  Remove  first  turbine  (it  nay  be  necessary  to 
start  turbine  by  tapping  with  a  lead  banner). 

(3)  Remove  2  keys  in  shaft  for  turbine  wheel  (pry 

off  witn  screw  driver).  Note  if  keys  are  mark¬ 
ed;  if  not,  do  so . 

(4)  Remove  wire  end  4  holding  screws  and  turbine 

casing  with  shield . 

(5)  Remove  cotter  pins, clamp  screws  with  nuts, upper 

and  middle  ball  race  locks . 

(6)  Remove  oil  deflector  ring  and  hub . 

(7)  Remove  cotter  ptns  and  loosen  bolts  for  frame 

and  casing . 

(8)  Unscrew  upper  bearing  race  (it  nay  be  necessary 

to  use  wedge  between  splits  in  casing  to  ease 
removal.) . 

(9)  Remove  16  balls  from  upper  bearing,  lift  out 

first  turbine  wheel  shaft,  and  remove  13  balls 
from  middle  bearing . 

E.  REMOVE  ENGINE  FRAME  STRUT 

(1)  Remove  cotter  pins  and  nuts  for  turbine  frame 

studs . •* . . . 

(2)  Slip  engine  frame  strut  back  clear  of  engine 

frame  studs . 

(3)  Remove  22  balls  in  strut  bearing . 

F  REMOVE  UPPER  AND  LOWER  TURBINE  A  FRAMES 

(1)  Place  clip  over  main  driving  gears . 

(2)  Remove  bolts  for  upper  A  frame  and  spindle 

•  casing . 

(3)  Remove  screw  and  washer  for  crosshead  (upper  A 

frame)  and  remove  upper  A  frame . 

(4)  Remove  thrust  washer  in  frame . 

(5)  Remove  6  bolts  for  lower  A  frame  and  spindle 

casing . 

(6)  Remove  lower  A  frame  and  spindle  casing  with 
after  propeller  shaft  thrust  bearing  and  ring. 

(7)  Remove  thrust  washer  in  lower  A  frame . 

(8)  Remove  thrust  bearing  for  after  propeller  shaft 
(ring  from  casing,  retainer  and  race  from  shaft) 

G.  REMOVE  MAIN  DRIVING  GEARS  AND  CROSSHEAD 

(1)  Remove  clip  tool  holding  main  driving  geprs 
together . 


TQOL.NO  . 

72,4  1, 179 


4  1 

..  72,41 

..  13-14,72 
.  •  4 1 

..  72,13-14 

231,54,228 


72, 141 A 


227  A 
3  9 

227A 
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(2)  Remove  main  driving  gears  and  2  washers  for 

crosshead  and  pinions,  crosshead  bushings  and 
washers  for  crosshead . 

(3)  Slide  after  propeller  shaft  out  through  forward 

shaft  about  eight  inches,  catching  i&  balls  from 
after  thrust  bearing . 

(4)  push  after  propeller  shaft  In  and  remove  pro¬ 
peller  shaft  bushing . 

(6)  Remove  after  propeller  shaft  and  crosshead . 

(6)  Remove  forward  propeller  shaft  from  vise  Jaws 
and  slide  engine  strut  with  after  strut,  bear- 
lag  race  over  end  of  shaft . 

H.  REMOVE  GEARS  FROM  FORWARD  AND  AFTER  PROIELLER  SHAFTS 

(1)  Due  to  Infrequent  necessity  for  removal  of bevel 
gears  and  strut  bearing  races,  tools  for  this 
operation  are  not  furnished . . . - 

NOTE:  Appropriate  sleeves  may  be  made  from  brass 
Piping  of  a  site  to  slip  over  end  of  shafting, 
and  by  the  use  of  arbor  press  on  tender  no  dif¬ 
ficulty  should  be  experienced  tn  the  removal  or 
rep Lacement  of  bevel  gears  on  their  shafts. 

The  above  steps  complete  disassembly  of  main  engine. 

OVERHAUL,  ASSEMBLY  AMD  TEST 


I.  PROPELLER  SHAFTS 

(1)  Clean,  Inspect  and  stone  out  rough  spots  on 

bearings  where  necessary . 

(2)  Place  shaft  between  centers  In  shaft  straight¬ 

ening  press  or  a  lathe,  or  lay  shaft  In  roller 
brackets  placed  on  a  surface  plate . 

(3)  Place  a  dial  Indicator  on  surface  plate,  and 
turning  shaft  slowly  In  press, lathe  or  on 

roller  brackets,  note  the  amount  shaft  runs  out 
of  tnue.  If  out  of  true  over  0*002  any 
point,  straighten  In  shaft  straightening  press 

(furnished  vith  V.  E.  Equ ipment) before  assembling .  WElO 

e (4)  inspect  and  replace  bearing  race  for  strut 

thrust  bearing,  on  forward  propeller  shaft . 

•(5)  Replace  bevel  gears  on  propeller  shafts . 

J.  ENGINE  STRUT 

•(1)  inspect  and  replace  bearing  race  In  engine 

strut . 
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(2)  Clean,  oil  (B)  and  Inspect  engine  strut . 

(3)  Slip  strut  over  forward  propeller  shaft  and 

place  assembly  In  vise . . .  300 

K.  CRC6SHBAD 

(1)  Clean,  Inspect,  remove  burrs  where  necessary 

and  oil  (B)  crosshead  with  parts . 

(2)  Replace  ball  race  for  after  bearing  on  the 

after  side  of  crosshead  ( after  side  is  identi¬ 
fied  as  being  the  side  without  oil  grooves  in 
bearing  hub  or  oil  hole  in  top  after  end  of 
crosshead  spindle) . 

(3)  Oil  (B)  and  replace  croeshead  bushing . 

(4)  Slip  crosshead  with  bushing  over  after  propel¬ 

ler  shaft  and  Insert  after  propeller  shaft 
through  forward  propeller  shafg . 

(5)  Clean,  Inspect ,  stone  out  burrs  where  necessary, 

oil  (B)  and  replace  propeller  shaft  bushing . 

(6)  install  shaft  guide  over  after  end  of  propeller 

shaft  catching  a  few  threads . . .  WK34 

(7)  Remove  assembly  from  vise  and  place  with  shaft 

guide  resting  on  floor . 

(8)  Hold  crosshead  up  against  forward  bevel  gear 
for  clearance,  and  drop  15  Inspected  bearing 

balls  Into  race . . . . . . . 

(9)  Hold  bevel  gears  together,  replace  shafts  In 

vise  and  remove  shaft  guide .  WE34 

(10)  install  aligning  bushing  over  propeller  shaft 
ends,  so  that  key  In  bushing  will  line  up  the 
propeller  shaft.  Secure  aligning  bushing  with 

nut  for  after  propeller  shaft .  WE35A 

(11)  Level  shaft  In  a  transverse  direction  (placing 

level  on  flat  of  tool  .  **3 

(12)  Clean,  Inspect,  remove  burrs,  oil  (B)  and  re¬ 
place  washers  and  bushings  for  crosshead  and 

driving  pinions . . . 

L.  MAIN  DRIVING  GBARS 

(1)  Clean,  inspect  with  particular  attention  to 
loose  rivets,  remove  burrs  where  necessary, 
oil  (B)  and  install  main  driving  gears.  Place 

a  level  across  teeth  of  gears  and  bring  to 
mesh  with  bevel  gears  when  main  driving  gears 
are  level  across  the  teeth.  Put  clip  tool 
across  main  driving  gears  to  keep  gears  to¬ 
gether .  WE3 

(2)  Oil  (B)  and  replace  crosshead  outer  washers . 
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M.  FORWARD  THRUST  BEARING 

(1)  Clean ,  Inspect,  oil  (B)  and  replace  ring  (bevel 
aft) and  retainer  with  balls  for  forward  thrust 
bearing. . . . . 

N.  TURBINB  FRAMES  AND  SPINDLE  CASING 

(1)  Clean,  Inspect  and  oil  (B)  spindle  casing . 

(2)  Clean,  Inspect  (if  necessary  insert  m  special 

chuck  furnished  with  H.  E.  bene a  lathe  and 
polish  out  rough  spots  or  rust)  oil  (B)  and 
Insert  middle  bearing  race,  obtaining  approx¬ 
imate  position  by  the  use  of  depth  gauge .  424A 

(3)  Clean,  Inspect,  oil  (B)  and  replace  race  for 

forward  bearing  on  spindle  casing . 

(4)  Clean,  Inspect  for  true,  note  If  oil  pump  studs 
are  loose,  oil  (B)  and  replace  thrust  washer  In 

lower  turbine  A  frame . 

(5>  Clean,  Inspect  for  true,  oil  (B)  end  replace 

thrust  washer  In  upper  turbine  A  frame . 

(g)  Assemble  A  frames,  spindle  casing  and  engine 
strut: 

(a)  Enter  lower  end  of  spindle  casing  In  lower 

turbine  A  frame  about  half  way . 

(b)  Line  up  hole  In  lower  A  frame  with  lower 

crosshead  spindle,  slide  In  place  and  hold . 

(c)  Slip  upper  turbine  A  frame  over  upper  cross 

head  spindle  and  spindle  casing . 

(d)  insert  bolts  for  A  f raises  and  terblne  spindle 

casing,  leave  bolts  loose .  227A 

(e)  insert  screw  and  washer  for  upper  turbln*  A 

frame  and  crosshead,  leave  loose .  39 

(f)  Replace  oil  connection  bolt  with  a  spacer 
for  lower  turbine  A  frame  and  crosshead; 

leave  loose .  12 

(g)  Replace  22  Inspected  bearing  balls  In  engine 
stout  ball  race  and  slide  strut  over  bolts 

In  ends  of  A  frames . . 

(h)  Replace  nuts  for  engine  strut;  leave  loose .  141A 

(1)  Remove  clip  holding  main  driving  gears  to¬ 
gether . 

(7)  place  assembly  on  a  surface  plate  and  shake 
down  until  the  four  turbine  frame  bearings  to 
bulkhead  are  In  contact  with  surface  plate. 

Set  up  on  bolts  for  A  frame  and  spindle  casing 
screw  for  washer  and  crosshead  and  nuts  for 
turbine  frame  studs  to  strut . 

HOTS:  If  «  bearing  does  not  contact  surface 


14  lA 
227  A 
39 
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plat*  by  this  method,  it  is  bent  out  of  true 
and  should  be  tapped  in  line  with  a  lead  ham¬ 
mer, 

(8)  Place  dial  indicator  on  surface  gauge  base 
(both  furnished  m  Vorkshop  Equipment)  andwith 
base  for  Indicator  on  surface  plate,  regulate 
height  to  contact  on  after  side  of  forward  and 
after  bevel  gears;  lift  each  shaft  and  obtain 
reading  of  end  plays,  which  should  be  Oto25  to 
0*030  for  forward  propeller  shaft  and  0*025  to 

0^030  for  after  propeller  shaft .  WElO 

NOTE:  To  obtain  this  clearance  »*  after  pro¬ 
peller  shaft  thrust  bearing,  it  may  be  neces¬ 
sary  to  place  a  shim  between  spindle  casing  and 
forward  race  for  bearing. 

0.  SHAFT  FOR  FIRST  TURBINB  WHBBL  WITH  HIDDU5  AND  TOP  BEARINGS 

(1)  Clean  with  particular  attention  to  oil  holes, 

Inspect,  remove  burrs  from  teeth  of  shaft . 

(2)  Clean,  Inspect  for  roughness  and  else,  oil  (B) , 

and  Install  In  first  turbine  shaft,  the  4  tur¬ 
bine  bushings . . . 

(3)  Clean,  Inspect  and  if  necessary  (hold  »*  special 

chuck  furnished  with  Norkshep  Equipment  bench 
lathe)  polish  out  rough  spots  and  rust,  oil 
(B)  «nd  replace  ring  for  upper  bearing  and  ring 
for  middle  bearing . 

(4)  Clean,  inspect,  oil  (B)  and  replace  13  balls  in 

Biddle  bearing  (tnsert  handle  end  of  large 
screw  driver  through  bottom  of  spindle  to  keep 
balls  from  falling  out) . 

(5)  insert  first  turbine  shaft  with  Biddle  and  upper 

bearing  rings  in  turbine  spindle  casing, remov¬ 
ing  screw  driver . 

(6)  Clean,  Inspect  and  replace  ie  balls  in  upper 

bearing.. . . . 

(7)  Replace  top  bearing  outer  race: 

(a)  Clean,  Inspect  and  If  necessary  polish  out 
rough  spots  and  rsst  (hold  in  special  chuck 

furnished  with  Norkshop  Equipment  bench 
lathe) . 

(b)  oil  (B)  and  replace  upper  bearing  race  In 

spindle  casing;  spread  spindle  casing  with 
wedge.  If  necessary,  to  prevent  binding  of 
threads  . . . . 

(c)  Screw  race  until  all  the  way  down.  Note  if 

notch  on  race  lines  up  with  split  in 
spindle  casing  for  upper  ball  race  lock.  If 
not,  back  off  bearing  to  nearest  notch . 


231,228.54 
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(d)  Back  bearing  out  three  (3)  notches. 

NOTE:  This  xill  give  the  required  end  play  for 
first  turbine  spindle  in  upper  and  middle 
bearing,  and  must  be  maintained  during  adjust¬ 
ment  of  these  bearings . 

(8)  Clean,  inspect  and  replace  oil  deflector  ring 

and  hub . 

(9)  Replace  turbine  keys  ( having  been  previously 

fitted  xith  bench  marks  corresponding) . 

P.  FIRST  TURBINE  WHEEL 

(1)  Clean,  inspect,  oil  (Bland  install  turbine  on  spin 

die  w  ith  numbers  or  bench  narks  on  key  ways  corre¬ 
sponding  with  keys . 

NOTE:  If  band  has  parted  so  as  to  shox  a  clear¬ 
ance  of  more  than  ."004  (state  clearance )  xith 
bucket,  turbine  should  be  discarded  and  a  nex 
one  installed. 

(2)  Clean,  inspect  and  replace  first  turbine  wheel 
nut,  setting  up  for  full  due, but  do  not  replace 

lock  screw . . .  179 

(3)  Install  dial  indicator  on  one  oT  the  upper 
turbine  frame  bearings,  to  bulkhead,  using  "C" 
clamp  upright  furnished  with  dial  indicator. 

Place  dial  indicator  button  on  top  outer  edge 
of  wheel  and,  turning  whoel,  obtain  reading  of 
amount  out  of  true.  If  more  than  7000,  it  will 


be  necessary  to  find  cause  and  remedy .  WElO 

Q.  ADJUST  CLEARANCE  OF  FIRST  TURBINE  AND  NOZZLE 

(1)  Replace  turbine  bulkhead  temporarily .  141A 

(2)  With  depth  micrometers  measure  height  from 

nozzle  flange  on  bulkhead  to  first  turbine  wheel  .  WE9 


(3)  Measure  height  of  nozzle  lip  from  flange  to 

opening  end . 

(4)  With  micrometer  caliper  measure  thickness  of 

copper  gasket . 

(5)  Assuming  that  measurement  taken 

in  step  (3)  is  7400 
in  step  (4)  is  7025 
in  step  (2)  is  ?435 

subtract  step  (4)  from  step  (3)  and  subtrarc  t 
sum  obtained  from  step  (2).  This  will  give  sum 
of  clearance  between  nozzle  and  firsl  turbine.... 
Thus : 

7400  -  7025  =  7375  and 
7435  -  7375  =  7060,  which  is  the  pro¬ 
per  clearance  of  first  turbine  with  nozzle . 
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(6)  With  thickness  gauge  measure  clearance  between 

turbine  and  turbine  A  frame,  this  should  be  not 
less  than  0P015 . 

(7)  For  alignment  of  turbine  buckets  with  nozzle, 

see  O.D.  #750 . 

(8)  Remove  turbine  bulkhead,  first  turbine  nut  and 

turbine . . . 

R.  SECURE  ADJUSTMENTS  OP  FIRST  TURBINE 


(1)  Clean,  Inspect,  oil  (B)  and  replace  upper  and 
middle  ball  race  locks,  clamp  screws  and  nuts 

for  casing  and  cotter  pins  in  clamp  screws.  72 

After  engaging  locks  in  slots  In  upper  and 
middle  ball  races,  secure  ends  together  with 
cotter  pins.  Set  up  on  upper  and  middle  damp 

•crews .  2 27  A 

(2)  Set  up  on  5  bolts  for  upper  turbine  frame  and  227A 

casing,  and  replace  cotter  pins  through  holes 

in  ends..... . . . . . . .  72 


S  TURBINE  CASINO 

(1)  Clean,  inspect,  straighten  If  necessary  and 
replace  turbine  casing.  Secure  with  4  screws, 

and  wire  screw  heads. . . .  72,41 

NOTE !  Screw  on  after  side  is  1/87 -shorter  than 
the  others • 

T  REPLACE  FIRST  TURBINE  WHEEL 

(1)  Replace  first  turbine  wheel  (note  that  bench 
marks  correspond  on  keys  and  key  ways)  and  tur¬ 
bine  wheel  nuts,  setting  up  for  full  due  ( see 
that  bench  marks  on  nut  line  up  with  mark  on 

end  of  spindle)  . .  •  . . . . . . .  179 

(2)  Inspect  lock  screws  for  turbine  wheel  nut  for 
burrs  on  head  and  replace;  Insert  cotter  pin 

through  head  of  screw..... .  41,72 

U  SECOND  TURBINE  WHEEL  AND  SHAFT 

(1)  Clean,  inspect,  If  necessary  stone  smooth  bear¬ 
ing  surface  on  shaft,  note  that  oil  holes  are 
clean,  that  turbine  keys  are  properly  fitted  to 
hub,  and  that  driving  pinion  has  a  sliding  fit 

without  binding  on  keys  in  shaft . 

(2)  Clean,  inspect  with  particular  attention  to 
lifting  of  turbine  band  and  smoothness  of  key- 

ways  . . 

NOTE  Turbine  wheels  found  to  have  bands  lifted 
must  be  discarded. 
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(3)  Install  turbine  wheel  on  second  turbine  wheel 

shaft, with  marks  on  keys  and  keyways  matching . 

(4)  Secure  with  nut  and  lock  screws,  place  cotter 

pins  in  lock  screws .  176,41,72 

(5)  Insert  second  turbine  shaft  through  first  tur 
bine  shaft  and  bushings,  and  install  clip  to 

hold  turbines  together .  454 

(6)  Clean,  Inspect,  oil  (B)  and  replace  driving 
pinion,  lining  up  with  punch  mark  on  end  of 

shaft . . . . 

(7)  Clean,  Inspect,  stone  out  rough  spots  where 
necessary,  oil  (B)  and  replace  upper  ring  for 

lower  bearing  race . 

(8)  Clean,  inspect,  stone  out  rough  spots,  oil  (B) 

and  replace  inner  lower  bearing  race . 

(9)  Oil  (B)  and  replace  12  Inspected  balls . 

(10)  Clean,  Inspect,  stone  out  rough  spots  where  231 

necessary,  oil  ’(B)  and  replace  lower  ball  race 

outer  bearing .  54,228 

(11)  Oil  (B)  and  replace  12  inspected  balls  . 

(12)  Clean,  Inspect,  stone  out  rough  spots  as 
necessary,  oil  (B)  and  replace  bottom  ring  for 

lower  bearing  race . . . 

(13)  Clean,  Inspect,  oil  (B)  and  replace  worm  for 

driving  oil  pump  with  washer.  Remove  clip  hold-  229 

ing  turbines  together .  454 

V.  ADJUST  CLEARANCE  BETWEEN  THE  TURBINES 

(1)  Regulate  clearance  between  the  turbines  to 
0T06O,  using  two  thickness  gauges  provided  in 
tool  box.  If,  when  proper  clearance  is  obtained 
notch  on  bearing  race  does  not  line  up  properly 
with  slot  in  spindle  casing,  move  nearest  notch 
to  line  up . 


424A 


W.  SECURE  LOWER  BEARING  ADJUSTMENT 

(1)  Clean,  inspect,  oil  (B)  and  replace  lower  ball 
race  lock,  clamp  screw  for  casing  and  nut  for 

clamp  screw . • 

(2)  See  that  end  of  lock  engages  in  a  notch  on  low¬ 
er  bearing  race,  and  secure  clamp  screw  for 
casing,  placing  cotter  pin  on  end  of  screw. 

Secure  end  of  lower  bearing  lock  to  middle  bear¬ 
ing  lock  with  a  cotter  pin . 

(3)  Set  up  on  5  bolts  for  A  frame  and  spindle  ras¬ 
ing  and  thread  a  copper  wire  through  ends  of 

bolts  to  secure . 


72 

227 

72 

227 
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X  OIL  PUMP 

NOTE  For  overhaul  ir.d  test  of  oil  Pump  see 
Paragraphs  Z  and  AA. 

(1)  Insert  oil  connection  sleeve  In  turbine  shaft. 

(2)  Replace  oil  pump,  guiding  oil  connection  to 
turbine  shaft  into  sleeve  and  Joint  on  pun p  for 


crosshead  into  recessed  seat  in  lower  A  frame . 

(3)  Clean,  inspect,  oil  (B)  and  replace  oil  con¬ 
nection  for  crosshead .  12 

(4)  Replace  holding  screws  for  oil  pump  and  thread 

wire  through  holes  in  heads  of  screws  to  secure .  49,72 


Y  TURBINE  BULKHEAD 

(1)  Clean,  inspect,  chase  burrs  off  threads  and 

reseat  seats  on  nipples  where  necessary, check 
up  alignment  of  bulkhead . 

(2)  Install  bulkhead  and  secure  with  4  nuts  for 


turbine  frame  studs  and  cotter  pins .  MIA, 72 

(3)  Connect  gyro  spin  pipe,  starting  gear  pipes 

and  air  strainer  pipe  to  nipples  on  bulkhead .  14  1  A, 229 

(4)  Perform  tests  as  outlined  in  O.D.  #750 . 


The  above  completes  assembly  and  test  of  main  engine,  ready  for 
assembly  in  afterbody. 


OIL  PUMP 


Z.  DISASSEMBLY 

(1)  Remove  oil  connection  sleeve,  oil  connection 
for  turbine  shaft,  4  screws  and  oil  connection 


collar .  41 

(2)  Remove  discharge  valve  stops  ( tap  on  wrench 
with  a  hammer  to  loosen  threads  for  removal ) 

and  remove  discharge  valves .  12 

(3)  Remove  suction  plugs  and  valves .  12 

(4)  Remove  (2  each)  holding  screws  and  2  worm  wheel 

bearings .  4  1 

(5)  Remove  worm  wheel,  shaft,  connecting  rods  with 

pin  and  plungers . 


* (6)  Remove  cotter  pin,  washer  and  connecting  rod 
pin  with  3  distance  collars  (note  position  of 
collars  before  disassembly  so  that  the  colla  rs 
may  be  replaced  in  their  proper  places) . 

The  above  completes  disassembly  of  oil  pump. 

AA.  OVERHAUL,  ASSEMBLY  AND  TEST 

(1)  Clean,  inspect,  blow  air  through  and  clear  out 
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all  oil  holes.  Note  IT  suction  nipple  Is 
soldered  In  place  with  silver  solder  or  If 
loose.  If  not  soldered  in  place,  use  silver 
solder  in  replacing  it,  being  careful  to  use 

only  sufficient  heat  to  melt  the  solder . 

•(2)  Apply  sufficient  heat  to  loosen  solder  around 
screws  and  bushings  for  plunger.  Unscrew  and 


remove  screws,  washer  and  bushing .  41 

•(3)  L«P  in  new  plungers  to  new  bushings.  Replace  WE 20 5,  WE  20  4 

and  solder  bushing  In  place  with  washer  and 

screws . . . 

(4)  Clean,  inspect,  oil  (B)  and  assemble  worm  wheel 


and  shaft  in  bearings,  connecting  rod,  distance 
collars,  plungers,  connecting  rod  pin  washers 
and  split  pin  for  pin,  assembling  the  whole  on 
pump  body,  and  securing  bearings  with  4  holding 


screws  (note  that  bench  marks  coincide  a 'hen  41 

assembling) . 

(5)  Clean,  inspect  to  obtain  condition  outlined  In  WF40,WE40A 

0«D.  #750*  and  assemble  valves  and  plugs . WE40B,WE40C ,  12 

(6)  Clean,  inspect  and  assemble  oil  connection  for 
turbine  shaft  on  oil  pump, securing  collar  with 
4  screws ,  and  slip  oil  connection  sleeve  over 

connection .  41 

(7)  Conduct  test  with  assembled  ptmipas  outlined  In 

O.D.  #750 . 


Having  passed  the  test,  the  pump  is  now  ready  for  assembly  on  main 
engine. (paragraph  X) 
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PART  VI! 

■  ~  ^  ^  — 

S  lAfiJ  I^N  G _ GEAR 

DISASSEMBLE 


TOOL_NO . 

A.  REMOVE  STARTING  PISTON  BODY 

(1)  Remove  plug  for  starting  piston  and  washer .  12 

(2)  Remove  starting  piston  and  spring . 

(3)  Remove  holding  nut,  starting  piston  body,  and, . 

washer .  432 

B.  REMOVE  INDEX  SPINDLE 

(1)  Remove  taper,  pin  for  unlocking  can . 

(2)  Withdraw  index  spindle  through  unlocking  cam 

and  starting  gear  frame . 

(3)  Remove  holding  screws  for  packing  ring .  4  1 


(4)  Remove  cup  leather  packing  and  packing  ring . 


C.  REMOVE  UNLOCKING  LEVER 

(1)  Remove  unlocking  lever  spring . . .  7  2 

(2)  Remove  cottor  pin  and  nut  for  unlocking  lever 

pivot . 72,48,40 

(3)  Remove  pivot  pin  and  unlocking  lever . 


D.  REMOVE  CONNECTING  LEVER  AND  VALVE  LIFT 

(1)  Remove  cotter  pin  for  connecting  lever  on  valve 

lift  shaft .  72 

(2)  Push  valve  lift  and  shaft  clear  of  connecting 

lever . 

(3)  Remove  connecting  lever . 

E.  REMOVE  STARTING  SPINDLE  AND  ARM 

(1)  Disconnect  spring  on  starting  spindle  head .  72 

(2)  Remove  pin  holding  starting  spindle  head  on 

starting  spindle . 

(3)  Unscrew  starting  spindle  head  from  starting 

spindle . . . 

(4)  Remove  pivot  screw  for  starting  spindle  arm .  4  1 

(5)  Remove  starting  spindle,  spindle  arm  and  pin . 


OVERHAUL  AHD  ASSEMBLE 

F.  REPLACE  STARTING  SPINDLE  AND  ARM 

(1)  Insert  starting  spindle  in  its  bearing . 

(2)  Replace  starting  spindle  arm  and  pin  for  spindle 

arm. . . . 
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(3)  Replace  pivot  screw  for  starting  spindle  arm .  41 

(4)  Replace  starting  spindle  head  on  spindle,  line 

up  holes  for  pin  and  insert . 

(5)  Replace  spring  for  starting  spindle  head .  72,41 


G.  REPLACE  CONNECTING  LEVER  AND  VALVE  LIFT 

(1)  Insert  connecting  lever  in  its  slot . 

(2)  Insert  valve  lift, holes  in  connecting  lever  and 

square  end  of  spindle  to  line  up . 

(3)  Insert  cotter  pin  through  lever  and  spindle .  72 

H.  REPLACE  THE  UNLOCKING  LEVER 

fl)  Replace  unlocking  lever . 

(2)  Replace  pivot  pin  through  unlocking  lever  and 


i  ramc  . . . . . 

(3)  Secure  pivot  pin  with  nut  and  cotter  pin .  40,48,72 

(4)  Replace  spring  for  unlocking  lever .  72 

I.  REPLACE  INDEX  SPINDLE  AND  UNLOCKING  CAM 

(1)  Renew  packing  washer . 

(2)  Replace  packing  ring  and  three  screws .  41 


(3)  Insert  index  spindle  through  starting  gear 

franc  and  unlocking  cam . 

*4)  Replace  taper  pin  in  unlocking  cam  and  spindle . 

J.  REPLACE  STARTING  PISTON  BODY 

U)  Reseat  valve  seat  in  body  and  lap  valve  to  seat .  41,WE7S 

NOTE  If  necessary  to  lap  in  a  new  valve,  lap 
hole  tn  body  with  lap  tool  I£56  and  new  valve 
with  lap  tool  F£57. 

(2)  "lien  finished  lapping,  wash  parts  thoroughly  in 

gasoline . . . 

(3)  Replace  starting  piston  body  and  washer  in 


starting  gear  frame.  Replace  lock  nut .  432 

(4)  Oil  (A)  and  replace  starting  piston  and  spring . 

(5)  Replace  valve  plug  and  washer .  12 


The  above  completes  the  assembly  of  Starting  Gear.  For  adjustments 
and  tests  see  O.D.  #750. 

K.  THE  GOVERNOR 

(1)  If  the  Governor  has  not  been  removed  from  the 
Starting  Gear, it  should  be  removed  at  this  time. 

The  following  steps  are  necessary  to  accomplish 
this; 
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fa  )  Remove; 

Tripping  lever  spring 
Stud  for  tripping  lever  spring 
Pin  Tor  connecting  arm 
Spacer  Tor  connecting  arm 

(  b)  Remove: 

Clamp  screw 

( c)  Remove  as  a  unit: 

Adjusting  block 
Pin  for  governor  link 
Split,  pins  12) 

Governor  link 

Pin  for  connecting  link 

Connecting  link 

(d)  Remove; 

Journal  cap  screws  (4) 

Journal  caps  (2) 

( e)  Remove  as  a  unit; 

Connecting  rod 

Shaft  coupling 

Pin  for  shaft  coupling 

Split  pin  for  shaft  coupling  pin 

Governor  shaft 

Split  pin  for  governor  shaft 

Governor  spring  case 

Governor  casing 

Governor  casing  head 

Key  for  governor  shaft 

Pin  for  governor  shaft 

Pin  for  governor  spring  casing 

Governor  spring 

Washer  for  governor  spring 

Governor  spring  thimble 

Governor  weight  arms 

Link  cutters 

Pin  for  cutters 

(f)  Remove  from  engine  strut: 

Geai  for  driving  distance  mechanism 
Screw  for  gear 

(g)  Leave  S 

Stop  pin  for  tripping  lever 
Tripping  lever 


SjfSs-Nfi* 

44318-8 
44318-6 
17367G  4 
173670  5 


44318-21 


173670-6 

44318-27 

44318-34 

44318-28 

173671-1 

173671-2 


954 66-5 
96466-2 


173670-1 
173670-3 
49196-23 
49196-26 
1  73699-3 
63781-1 
46195-1 
46195-2 
79820-2 

46195-7 

46195—8 

46195-4 

46195-11 

46195-31 

79820-5 

79820-3 

79820-6 

46196-10 


79103-2 

78050-2 


173670-2 

173672-3 
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PARTVIM 

IMMERSION  MECHANISM,  GYRO  MECHANISM,  GYRO  GEARS 


A.  GYRO  AND  IMMERSION  MECHANISM  -  DISASSEMBLE 

(1)  Remove  gyro  reducing  valve  and  pipes: 

(a)  Disconnect  air  pipe  to  reducing  valve . 

( b )  Disconnect  air  pipe  from  reducing  valve  at 

nipple  on  mechanism . 

( c)  Remove  2  holding  screws, and  remove  reducing 
valve  with  "T"  nipple  and  pipes  assembled.. 


I9QL.N0 . 


24 

24 

246A 


(2)  Remove  air  chamber; 

(a)  Remove  transportation  screw . 

( b )  Remove  access  plug  for  weight  and  washer.... 

( c)  Remove  holding  nuts  for  air  chamber . 

(d)  Install  lifting  tool  and  remove  air  chamber. 

(3)  Remove  diaphragm: 

(a)  Remove  cotter  pin  through  lower  depth 

spring  socket  nut..... . 

(b)  Remove  nut  on  lower  depth  spring  socket . 

(c)  Remove  diaphragm  plate  (pry  off  with  screw 

drivers) . 

(d)  Remove  diaphragm . 

(  e)  Remove  3  holding  screws  and  the  diaphragm 

r  ing . 

(4)  Remove  pendulum  lever  and  diaphragm  lever  shaft: 

(a)  Remove  cotter  pin  and  pin  for  pendulum  link 

to  pendulum  lever . 

(b)  Remove  keep  screw  for  diaphragm  lever  shaft. 

(c)  Remove  pendulum  lever  and  diaphragm  lever 

shaft  assembled . 

H07E:  Insert  a  soft  brass  rod  in  back  of  Pendu¬ 
lum  lever  close  to  its  hub  and  tap  ou  t  the 
shaft.  Great  care  must  be  exercised  in  removal 
of  this  shaft  not  to  bend  the  Pendulum  lever. 

(5)  Remove  depth  spring  and  sockets  assembled  and 
diaphragm  lever: 

(a)  Turn  depth  spring  adjusting  spindle  until 

thread  on  adjusting  screw  disengages  threads 
on  upper  depth  spring  socket . 

(b)  Remove  depth  spring  with  sockets  and  dia¬ 
phragm  lever  assembled . . 

( c)  Remove  cotter  pin, washer,  pin  and  diaphragm 

lever  from  depth  spring  socket . 


49 

11 

48 

409 


72 

4  07,461 


40 


72 

41 


180 


72 
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(6)  Remove  linkage  from  pendulum  to  valve: 

(a)  Remove  cotter  pin  for  tension  rod  bearing 

on  pin . 

(b)  Slip  pendulum  tension  rod  assembly  clear  of 

its  pivot  on  pendulum . 

(c)  Remove  wire  and  holdin'g  screw  for  valve 

lever  bracket . . . 

(d)  Remove  valve  lever  bracket  with  valve  lev¬ 
er  and  pendulum  tension  rod  assembly . 

(7)  Remove  steering  engine  valve  rockshaft  linkage: 

(a)  Remove  2  screws  for  bearing  cap . 

(b)  Remove  rockshaft  assembly  from  bearing . 

( c)  Remove  spring  buttons  and  springs  under 

rockshaft  bearings . 

(8)  Remove  pallet  mechanism  driving  gear  shaft, 

bearing  cap  and  bracket; 

(a)  Remove  6  holding  screws . . . 

(b)  Remove  driving  gear  bearing  cap . 

( c)  Remove  pallet  driving  gear  and  shaft . 

(d)  Remove  driving  gear  bracket . 

(9)  Remove  clamp  for  gyro  spin  pipe  nipple: 

(a)  Remove  2  holding  screws . 

(b)  Remove  clamp . \ . 

(10)  Remove  after  section  of  pendulum: 

(a)  Lock  gyro  spinning  mechanism . 

(b)  Remove  2  screws  holding  after  section  of 

pendulum .  ... 

( c)  Remove  after  section  of  pendulum . 

(11)  Remove  gyro  spinning  rotor: 

(a)  Hold  spinning  shaft  gear  with  a  spanner, 
pins  of  spanner  meshing  across  teeth  o  f 
spinning  gear  (File  spanner  pms  '  j  fit),,*. 

(b)  Insert  pins  of  tool  No. 25  in  holes  in  rotor 

and  unscrew  rotor  from  spinning  shaft . 

( c )  Remove  bronze  spacing  washer . 

( d)  Unlock  gyro  spinning  mechanism . 

(12)  Remove  gyro  spinning  and  unlocking  mechanism 

assembled : 

( a)  Remove  6  holding  screws  for  gyro  spinning 

mechanism . 

( b)  Remove  gyro  spinning  mechanism . 

(13)  Remove  depth  setting  spindle  and  socket: 

(a)  Remove  cotter  pin  and  nut . 

(b)  Lift  out  depth  setting  spindle  and  remove 

pinion  gear . 


T00L.N0. 

72 

72 . 49 

4  1 

4  1 

41,48 

40 

205A 

39 

201 

25 


41.233 


ISO. 72. 135 
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(14)  Remove  forward  section  of  pendulum: 

(c)  Remove  cotter  pins  and  taper  pins  for  knife 
edges . 

(b)  Remove  knife  edges,  pushing  through  from  the 

outside . 

(c )  Remove  forward  section  of  pendulum . 

(d)  Remove  depth  spring  adjusting  screw  an  d 

idler  gear . . . 


(15)  Remove  pendulum  adjusting  linkage: 

(a)  Remove  cotter  pin  and  washer  in  pivot  for 

linkage  adjusting  arm .  72 

(b)  Remove  linkage  adjusting  arm  with  pendulum 

link . 

( c )  Remove  pin  in  nut  for  plate  adjusting  screw .  166 

( d)  Remove  nut  for  plate  adjusting  screw . 

(e)  Back  out  clamp  screw  for  plate  adjusting 

screw. . .  40 

(f)  Remove  plate  adjusting  screw . . . . . 

(16)  Remove  immersion  gear  casing: 

(a)  Remove  10  holding  nuts . . . . .  46 

(b)  Remove  immersion  gear  casing . 


( c)  Remove  gasket  for  immersion  gear  casing . 

(17)  Remove  top  plate: 

(a)  Remove  2  holding  screws  for  adjusting  worm 


bracket .  41 

( b)  Remove  bracket  with  worm . 

( c)  Remove  holding  screws  and  retainer  plates 

for  top  plate .  41 

( d)  Remove  top  plate . 


B  GYRO  AND  IMMERSION  MECHANSIk  ASSEMBLE 
(1)  Replace  top  plate: 

(a)  Clean,  Inspect  for  burrs,  oil  (A)  and  note 

that  top  plate  fits  snugly  and  turns  smooth, 
ly  on  its  seat  on  gyro  pot . 

(b)  Replace  retainer  ring  marked  with  a  zero 
in  line  with  reference  pointer  in  pot  and 


secure  with  holding  screws.... .  41 

( c)  Replace  retainer  ring  not  marked  and  se-  4  1 


cure  with  holding  screws.  Note  that  top 
plate  turns  smoothly  in  its  bearing  after 

securing  with  retainer  rings . 

( d)  Turn  top  plate  so  that  zero  mark  on  retain¬ 
er  ring  lines  up  with  reference  pointer... 

( e)  Clean,  inspect  for  burrs  on  seat  of  brack¬ 
et  and  on  worm  and  replace  top  plate  ad- 


IQQL.BQ. 

72,106 


TOOL  NO. 


L7S 


justing  worn  bracket,  with  worn  meshing  in 

toothed  segment  of  top  plate . 

NOTE  Ascertain  that  morn  is  in  proper  mesh  and 
holes  for  holding  screws  are  in  alignment  be¬ 
fore  setting  up  on  screws.  It  nay  be  necessary 
to  loosen  up  clamp  nut  for  adjusting  worn  to 
obtain  proper  alignment. 

(f)  Replace  holding  screws  and  secure .  41 

(2)  Replace  Immersion  gear  casing: 

(a)  Clean  old  gasket  material  and  rough  spots 

from  seat  for  gasket . 

(b)  Replace  a  new  gasket  over  studs  on  seat . 

( c)  Install  immersion  gear  casing  and  secure 


with  10  holding  nuts  ( tightening  up  even) .  48 

(3)  Replace  pendulum  adjusting  linkage: 

(a)  Clean,  inspect,  oil  (A)  and  replace  plate 

adjusting  screw .  4  1 

(b)  Clean,  Inspect,  oil  (A)  and  replace  clamp 

screw  for  plate  adjusting  screw .  4  0 

( c)  Ro  place  nut  and  pin  for  plate  adjusting 

screw .  166 

( d)  Clean,  inspect,  oil  (A)  and  replace  linkage 

adjusting  arm  with  pendulum  link . . 

( e)  Replace  washer  and  cotter  pin  in  pivot  for 

linkage  adjusting  arm .  72 


(4)  Replace  forward  section  of  pendulum  and  knife 
edges : 

( a)  Clean  and  inspect  pendulum  arms  for  align¬ 
ment,  note  that  lead  weight  is  secure  and 

that  roller  path  Is  clean . 

( b)  Place  pendulum  around  Immersion  gear  casing . 

( c)  Clean,  inspect  and  oil  (A)  knife  edges . 

(d)  Lift  pendulum  rods  into  alignment  with 
holes  and  install  knife  edges  w ith  holes 

for  taper  pins  -in  line . 

( e)  Replace  taper  pins  and  cotter  pins .  72 

(6)  Install  gyro  spinning  and  unlocking  mechanism: 

NOTE  If  necessary  to  overhaul  gyro  spinning 
and  unlocking  mechanism  see  steps  C  and  D . 


(a)  Lock  gyro  spinning  mechanism . - .  205A. 

(b)  Remove  spinning  rotor  and  spacer.  ( See  step  ••25 

A-ll,  disassembly) . 

( c)  Unlock  gyro  spinning  mechanism . 

(d)  Install  gyro  spinning  mechanism  and  secutre 

with  6  holding  screws .  4  1,233 
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( e)  Replace  holding  clamp  for  air  impulse  nipple 
and  secure  with  two  holding  screws . 

(6)  Replace  after  section  of  pendulum: 

( a)  Lock  gyro  spinning  mechanism . 

( b)  Clean,  inspect,  oil  (A)  and  replace  after 

section  of  the  pendulum . 

( c)  S ecure  after  section  of  the  pendulum  with 
2  holding  screws . 

(7)  Replace  spinning  rotor: 

( a)  Replace  spacing  washer,  note  that  washer 
fits  properly  over  end  of  spinning  shaft. 

( b )  Replace  spinning  rotor  turning  spinning 
shaft  by  hand  until  rotor  is  seated,  then 
tighten  with  spanner  wrenches.  (See  step 

A -11,  disassembly ) . . .  2  5 

(8)  Replace  pallet  driving  gear  bracket  and  driving 
gear: 

(a)  Clean,  Inspect,  oil  (A)  and  replace  driving 

gear  bracket . 

(b)  Clean,  Inspect,  oil  (A)  and  replace  driving 

gear  and  bearing  cap . 

(c)  Secure  bearing  cap  with  six  holding  screws.. 

(9)  Replace  steering  engine  valve  rockshaft  linkage: 

(a)  Clean,  Inspect,  oil  (A)  and  replace  springs 

and  buttons  in  rockshaft  bearing . 

( b)  Clean,  inspect,  oil  (A)  and  replace  valve 

rockshaft  with  arms  assembled . 

( c)  Clean,  Inspect,  and  replace  bearing  cap  and 

screws .  41 

(10)  Re  place  depth  spring  adjusting  spindle  with 
gears: 

(a)  Clean,  Inspect,  oil  (C)  and  replace  idler 
gear  in  mesh  with  gear  on  adjusting  screw; 
note  that  thin  flanged  side  of  idler  gear 

is  facing  against  the  casing . . 

( b)  Clean,  inspect,  oil  (C)  and  replace  adjust¬ 
ing  spindle  and  gear  and  secure  gear  to 

bottom  of  spindle  with  nut  and  cotter  pin .  155,72 

(11)  Replace  depth  spring, diaphragm  lever  and  sockets 
assembled : 

(a)  Inspect  diaphragm  lever  for  true  using  in¬ 
spection  plate . 


48,41 

41 


IQQt.NQ. 

40 

205  A 

4  0 


*E175 


i?3 
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(b)  Replace  diaphragm  lever  in  slot  on  loner 
spring  guide,  secure  with  pin.washer,  and 

cotter  pin .  72 

( c)  Clean,  inspect,  oil  (C)  and  replace  depth 
spring  and  socket  assembly.  .Vote  tha  t 
spring  guides  line  up  with  slots  in  casing. 

Turn  adjusting  spindle  when  inserting  until 
square  hole  in  diaphragm  lever  lines  up 

with  bearing  holes  for  shaft .  180 

(12)  Replace  pendulum  (long)  lever  and  diaphragm 


lever  shaft: 

(a)  Remove  pendulum  lever  from  diaphragm  lever 

shaft  and  check  for  true  on  inspection  WE175 

plate,  replace  on  shaft  and  secure  with 

taper  pin .  106 

( b)  Replace  pendulum  lever  and  diaphragm  lever 

shaft  in  bearing  guiding  shaft  through  dia¬ 
phragm  lever,  and  secure  with  keep  screw .  41 

( c)  Re-connect  linkage  of  pendulum  to  upper  end 

of  pendulum  lever  with  pin  and  cotter  pin .  72 


(13)  Replace  linkage  from  pendulum  to  valve. 

(a)  Replace  valve  lever  bracket  with  valve  lever  .. 

and  pendulum  tension  rod  assembly . 

(b)  Replace  holding  screw  for  valve  lever  brack¬ 


et  and  secure  with  wire .  72,49 

( c)  Replace  cotter  pin  for  tension  rod  bearing 

on  pin  in  pendulum  arm .  72 


(14)  Replace  diaphragm  ring: 

( a)  Replace  diaphragm  ring  on  its  seat  with 

projecting  lip  in  line  with  diaphragm  lever . 

(b)  Secure  diaphragm  ring  with  3  holding  screws .  41 

( c  )  Note  that  there  is  a  clearance  of  not  less 

than  ?015  between  diaphragm  lever  and  its 
stops  when  pendulum  is  moved  extreme  either 
way  and  that  clearance  is  equal . . 

(15)  Replace  diaphragm: 

(a)  Replace  diaphragm  with  bulged  side  facing 

out . 

(b)  Clean  and  replace  diaphragm  plate . 

( c)  Replace  diaphragm  nut  and  cotter  pin .  461,407,72 

(16)  Replace  air  chamber: 

(a)  Replace  air  chamber  over  diaphragm . 

( b)  Secure  with  6  nuts . 

( c )  Replace  washer,  and  access  plug  in  air  cham¬ 
ber  . 


11 
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(17)  Replace  transportation  screw: 

(a)  Hold  pendulum  central  and  screw  transporta¬ 
tion  screw  lnfco  place . . . 

(18)  Replace  bottos  head  and  gyro  clasp  plate  cower; 

(a)  Clean,  Inspect,  oil  (A)  and  replace  bottos 

head  with  screw  holes  lining  up . 

(b)  Secure  with  6  holding  screws . 

(c)  Replace  gyro  clasp  plate  cower  and  washer . 

(19)  Replace  gyro  reducing  walwe; 

NOTE :  For  overhaul  of  gyro  reducing  valve  see 
steps  E  and  F. 

fa)  Replace  reducing  walwe  with  T  nipple  and 

pipes  assenbled . 

(b)  Connect  air  pipe  fros  reducing  walwe  to 

nipple  on  sechanlss . 

(c)  Connect  air  pipe  to  reducing  walwe . 

.  SPINNING  AND  UNLOCKING  MECHANISM  -  DISASSEMBLE 

NOTE:  Steps  Cond  D  should  be  done  only  if  necessary 
to  overhaul  gyro  spinning  and  unloching  mechanism 

(1)  Remove  cotter  pin  fros  pin  for  spring  guide  pin . 

(2)  Resowe  releasing  spring  and  spring  guide  pin . 

(3)  Resowe  nut  and  washer  for  spring  bell  crank . 

NOTE:  There  must  be  no  lost  motion  between 
spring  bell  crank  and  rockshaft.  The  bell 
crank  is  keyed  to  the  shaft  and  if  lost  motion 
exists  it  will  be  due  to  a  Poorly  fitting  key. 

Remedy  before  proceeding. 

(4)  Remove  spring  bell  crank  ( pry  off  with  screw 

drivers  if  necessary) .. . . 

(5)  Remove  pinion  between  upper  and  lower  rack . 

(6)  Test  tightness  of  pin,  for  spring  guide  pin, 

In  spring  bell  crank.  This  pin  Is  riveted  to 
the  bell  crank  and  may  work  loose;  re-rlwet  if 
necessary.  Note  that  no  excess  play  exists 
between  bearing  end  of  pinion  and  slot  an  bell 

crank . 

(7)  Remove  cotter  pin  for  bottos  holding  screw  and 

remove  holding  screws  for  front  plate . 

(8)  Remove  front  plate,  taking  care  not  to  pry,  so 

as  to  bend,  due  to  dowel . 

(9)  Pull  spinning  shaft  clear,  turn,  and  resowe  screw 
fros  upper  rack.  Care  should  be  exercised.  In 
removal  of  this  screw  not  to  ruin  slot,  due  to 

being  prick  punched  in  place . 


49 


24 6 A 
13-14 


246A 


24 

24 


72 

»El78 

141A 


41 
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(10)  Remove  upper  rack  and  locking  bar.  This  rack 

is  doweled  and  must  be  removed  with  great  care.. . .  37 

(11)  Slip  out  centering  pin . . 

(12)  Remove  spinning  shaft  sleeve  and  spinning  shaft 

with  gear  train  and  remove  spinning  shaft  ex¬ 
tension  with  controlling  sleeve  and  spur  gear . . . • 

(13)  Test  end  play  in  unlocking  pinion.  This  gear 

must  be  free  from  end  play  between  its  centers . 

(14)  Remove  screws  from  upper  and  lower  gear  center 

plates,.. . . . . . .  37 

(15)  Remove  upper  and  lower  center  plates,  unlocking 

pinion,  unlocking  worm  and  pinion  gear . . . 

'16)  Note  that  upper  gear  centers  are  tight  in  upper 

center  plate.  If  not,  re-rivet. . . . . 

(17)  Remove  spinning  shaft...., . . . . 

(18)  Inspect  sliding  fit  of  unlocking  bar  with  upper 
bearing  cap  guide.  Clearance  between  bar  and 
cap  should  be  a  good  sliding  fit  with  a  minimum 
of  clearance  and  with  no  binding.  If  too  tight, 
stone  the  bearing  surface  of  the  cap;  if  too 
loose,  file  the  lug  of  the  frame.  Excessive 
play  between  rack  and  cap  may  allow  pinion  to 

Jump  out  of  mesh  with  rack . . . 

(10)  Remove  screws  for  lower  and  upper  bearing  cap . 

<20)  Remove  upper  and  lower  bearing  caps ........................ • 

(21)  D  Isconnect  spring  from  hand  trip  lever  and  re¬ 
move  hand  trip  lever. . . . 

(22>  Remove  unlocking  bar . . . 

(23)  Disconnect  hinged  clamp  and  cotter  pin  from 
spring  lever  pivot;  remove  spring  case  assembly 

with  spring  lever . . . . . .  49,92 

(24)  Remove  unlocking  rack . . . . 

(25)  Remove  rockshaft  by  tapping  lightly.  This  takes 

off  valve  bell  crank  and  locking  lever . . . 

NOTE*.  It  Is  important  that  bell  crank  and  lock¬ 
ing  lever  are  keyed  tightly  to  rockshaft 

(26)  Remove  locking  lever.  Note  that  the  side  marked 

"X"  Is  toward  the  hand  trip  lever  boss,  for 
reference  when  assembling . . . . . . 

(27)  Clean  all  parts: 

(a)  immerse  parts  in  clean  gasolene  and  blow 

dry  with  air... . . . . . . 

(b)  Use  soft  wire  brush  to  clean  gear  teeth . 

(c)  Use  crocus  cloth  on  spinning  shaft,  if 

necessary . . . . . . 

(d)  Inspect  Inside  of  control  sleeves  for  scores  . . 


-176- 


*D.  SPINNING  AND  UNLOCKING  MECHANISM  -  ASSEMBLE  AND  TEST 

(1)  Test  gyro  impulse  valve: 

(a)  Inspect  nipple  and  make  sure  that  diameter 

of  hole  is  " 180 . 

(b)  Connect  high  pressure  air  line  to  nipple, 

turn  on  air  and  note  that  valve  is  tight . 

(c)  Remedy  leaky  valve  by  reseating;  remove 
plug  and  washer,  reseat  valve  seat  in  body, 

lap  valve  to  seat  and  clean  parts  thoroughly . 

(2)  Oil  (A)  and  replace  spinning  shaft  in  spinning 

shaft  sleeve . 

(3)  Replace  lower  gear  center  plate  on  spinning 

shaft  sleeve  and  catch  temporarily  with  hold¬ 
ing  screws . 

(4)  Replace  worm  gear  and  pinion  gear  on  their 

respective  pivots  and  hold  In  position  by  hand . 

(B)  Replace  upper  gear  center  plate  lining  up  worm 

gear  and  pinion  gear  to  their  pivots . . . . 

(6)  Tighten  up  screws  on  both  upper  and  lower  center 
plate.  8tone  heads  of  screws  under  upper  rack 
and  be  sure  that  aorew  heads  and  rack  clear 

each  other . . . 

(7)  8ee  that  cotter  pins  are  In  place  on  screw 

pivots  In  lower  gear  center  plate . . 

(8)  Note  that  locking  bar  Is  free  of  burrs.  Stone 
If  neoeesary  and  replaee  In  recess  In  locking 

gear  frame . . 

(8)  Catch  hand  trip  spring  In  poppet  and  replaee 
hand  trip  with  toe  on  trip  engaging  In  looking 
bar . . . . . 

(10)  Replace  upper  and  lower  caps  for  hand  trip  and 

secure  with  screws . 

(11)  Note  that  locking  bar  moves  freely  without 

binding  and  without  appreciable  lost  motion . 

(12)  Replace  rockshaft  for  bell  cranks  with  valve 
bell  crank  attached,  and  locking  lever.  Place 
locking  lever  in  position  with  "X*  facing  to¬ 
ward  hand  trip  lever  boss.  Line  up  with  keys 

and  tap  into  place  with  a  lead  hammer . 

(13)  Replace  unlocking  rack,  see  that  rack  moves 

freely  in  recess,  stone  out  burrs  if  necessary . 

*(14)  It  occasionally  happens  that  the  end  of  the 
spring  rod  breaks  off  in  wake  of  the  cotter  pin 
hole,  necessitating  renewal  of  same,  In  which 
case  proceed  as  follows: 

(a)  Remove  nut  from  spring  rod  and  withdraw 
spring  rod  from  spring  case. 
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(b)  Remove  rivet  holding  spring  rod  on  spring 
lever  and  remove  old  spring  rod. 

( c 1  Re  rivet  a  new  spring  rod  on  spring  lever. 

( d)  Remove  nut  on  outer  end  of  spring  case  and 
remove  spring  rod  washers  and  spring. 

( f.)  Clean,  oil  (A)  and  replace  spring  rod  wash¬ 
ers  and  spring  in  spring  case,  a  washer  on 
each  end  of  the  spring. 

( / )  Replace  nut  on  the  end  of  spring  rod, screw¬ 
ing  in  sufficiently  to  permit  the  insertion 
of  a  cotter  pin. 

(g)  Replace  nut  in  outer  end  of  spring  case  and 
setup  until  all  play  of  spring  rod  and 
spring  case  is  removed. 

(h)  Replace  cotter  pin  in  end  of  spring  rod. 

(15)  Replace  unlocking  spring  lever  and  adjustable 
spring  case  assembled,  secure  with  hinge  screw 

and  cotter  pin  for  spring  lever  pin . .  .  4  9,92 

(16)  Pull  back  hand  trip  lever  and  Insert  spinning 

shaft  sleeve  assembly  . . 

(17)  Replace  spinning  shaft  extension  with  control 
ling  sleeve  and  spur  gear  Prick  punched  narks 
on  spinning  shaft  must  line  up  with  similar 

marks  on  extension . . . 

(18)  Pull  spinning  shaft  sleeve  assembly  to  the  rear 
to  clear,  then  turn  to  facilitate  assembly  of 

upper  rack  on  sleeve . 

MOTE  Before  assembling  uPPe»-  rack  compare  it 
with  drawing  and  insure  that  upper  shoulder  has 
been  beveled  as  Per  drawing. 

(19)  Replace  the  upper  rack  with  dowels  lined  up . 

(20)  Secure  upper  rack  to  sleeve  with  holding  screw .  37 

(21)  Prick  punch  screw  head  to  prevent  screw  from 

turning . 

(22)  Replace  centering  pin  in  its  housing . 

(23)  Line  up  toe  of  upper  rack  through  slot  in  lower 
rack  and  engage  toe  between  lands  in  centering 

pin . 

(24)  Replace  front  plate,  make  sure  dowels  are  in 

line  and  tap  in  place  with  a  lead  hammer . 

(25)  With  the  valve  lever  against  its  cushion  stop, 
replace  pinion  gear  in  mesh  with  the  upper  and 

lower  rack .  . 

(26)  Replace  spring  bell  crank  on  rock  shaft.  Meas¬ 

ure  distance  from  face  of  spur  gear  to  face  of 
spinning  frame;  this  should  be  not  more  than 
13/32".  If  more,  remove  spring  bell  crank  and 
change  position  of  pinion  until  the  desired 
measurement  is  obtained . 
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(27)  Replace  washer  and  nut  for  spring  bell  crank  on 

rockshaft . 

NOTE:  Kith  a  properly  assembled  gear,  its  own 
a/eight  should  cause  the  spinning  sleeve  to  drop 
freely  when  held  with  spur  gear  uppermost  and 
with  trip  cam  released. 

(28)  Replace  cotter  pin  in  lower  holding  screw  for 

front  plate . 

(20)  Replace  washer  and  spinning  rotor . 

(30)  Replace  releasing  spring  and  guide;  secure  with 

cotter  pin . 

(31)  Check  eccentricity  of  spinning  gear: 

(a)  Lock  the  mechanisn  and  place  on  surface 

plate  with  the  raicroneter  gauge  placed  on 
the  periphery  of  the  spinning  gear . 

( b )  Rotate  the  spinning  gear  slowly  and  note 
the  eccentricity  of  the  outside  of  the  gear. 

( c)  This  eccentricity  should  not  be  greater 

than  7003.  If  greater  than  ?003,  the  mech¬ 
anism  must  be  disassembled  and  the  various 
excess  clearances  between  spinning  shaft, 
control  sleeve,  etc.  remedied . 

(32)  Check  play  in  spinning  gear: 

(a)  With  the  mechanism  assembled  on  the  surface 

plate,  place  the  micrometer  gauge  on  the 
periphcrvrfof  the  spinning  gear . 

( b)  Hold  the  nechHilSB  firmly  on  the  plate  and 

move  th#  spinning  gear  In  a  direct  line  to¬ 
ward  and  away  from  the  micrometer  gauge . 

('cjThe  gear  should  not  have  more  than  ?012 
lost  motion.  If  excess  lost  motion  exists, 
proceed  as  in  step  I>431Kc)> . 

(33)  Check  Impulse  valve: 

(a)  When  assembled  in  an  unlocked  position,  the 

swivel  block  must  have  at  least  l/32"  clear¬ 
ance  from  Impulse  valve  stem . 

(b)  When  In  a  locked  position  the  valve  must  be 

open.  This  may  be  tested  with  air . 

(34)  Check  duration  locking  adjustment: 

(a)  Lock  the  mechanism . 

( b )  Turn  impulse  rotor  by  hand  and  count  the 

number  of  turns  to  unlock  mechanism.  This 
should  be  60  turns . 

( c)  If  not,  loosen  clamp  screw  for  hinge  clamp, 

turn  adjusting  spring  case,  tighten  clamp 
screw  for  hinge  clamp  and  repeat  steps  (a) 
and  (b)  . 
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«E.  GYRO  REDUCING  VALVE  -  DISASSEMBLE 

NOTE.  Leak  and  function  test  (See  C.D.* 750j  should 
be  performed  prior  to  disassembly  to  determine  if 
it  is  necessary  to  proceed  with  steps  E  and  F . 

(1)  Remove  lock  and  adjusting  nuts .  48,155 

(2)  Remove  spring  and  washer . 

(3)  Remove  the  diaphragm  follower  plug . 

(4)  Remove  split  pins,  nut  and  washer  for  diaphragm .  92,155 

(5)  Remove  diaphragm  and  reducing  valve  stem . 

(6)  Clean  and  Inspect  reducing  valve  body  with  par¬ 
ticular  attention  to  scored  cylinder  walls.  Lap  WE177 


hole  if  necessary . 

(7)  Clean  and  inspect  reducing  valve  stem.  Note 
that  lapped  surface  is  free  of  scratches  or 
burrs.  If  stem  is  too  close  in  body,  replace 

by  lapping  in  a  new  stem .  H'E139 

(8)  Clean,  Inspect  and  renew  diaphragm  if  it  shows 

indication  of  having  been  strained . 

(9)  Place  a  small  amount  of  lapping  compound  around 
seat  for  diaphragm.  Screw  diaphragm  follower 
plug  down  against  this  seat  and  rock  tool  back 
and  forth,  thus  removing  any  high  spots  which 
may  be  found  in  this  seat.  Remove  nut  and  wash 

seats  clean . 

OF.  GYRO  REDUCING  VALVE  -  ASSEMBLE  AND  TEST 

(1)  Replace  diaphragm: 

NOTE:  It  is  desirable  to  turn  a  hard  wood  stick  to 
the  diameter  of  the  valve  stem  with  one  end  turned 
doom  to  fit  hole  in  center  of  diaphragm. 

(a)  Slip  hard  wood  stick  through  hole  in  reduc¬ 
ing  valve  body . 

(b)  Replace  diaphragm  on  its  seat  in  valve  body, 
holding  it  central  on  small  end  of  hard 

wood  stick . 

(c)  Replace  follower  nut  for  diaphragm  and  set 

up  tight . 

(d)  Remove  wooden  stick . 


(2)  Replace  valve  stem: 

(a)  Wipe  small  amount  of  oil  (D)  on  the  lapped 

portion  of  reducing  valve  stem . 

(b)  Insert  valve  stem  into  valve  body . 

(c)  Secure  to  diaphragm  with  washer,  nut  and 

cotter  pin .  246A, 155,72 

(3)  Replace  spring: 

(a)  Replace  spring, washer, adjusting  and  lock  nut .  48,155 


(4)  Test  gyro  reducing  valve: 

(a)  For  test  of  gyro  reducing  valve  see  0.D.#750 
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G-- PALLET  MECHANISM  -  DISASSEMBLE 

(1)  Hold  thumb  on  bell  crank  and  loosen  screw  for 

extender  on  left  hand  pallet  pawl . 

(2)  Remove  cotter  pin  and  pin  for  bell  crank.. 

(3)  Remove  cotter  pin,  conical  washer  and  lift  out 

bell  crank  and  link . 

(4)  Re  move  holding  screw  and  extender  from  left 

pallet  pawl . 

(5)  Remove  cotter  pins  from  pins  in  pallet  slide 

cover  and  remove  pallet  pawls  with  adjusting 
links  and  adjusting  screw . 

<•(6)  Remove  cotter  pins  and  adjusting  links  from 
pallet  pawls. . . . 

(7)  Remove  clamp  screw  and  nut  for  pallet  blade. 

(8)  Remove  pallet  shaft  with  spring  and  cam  pawls- 

(Care  should  be  taker,  when  removing  pallet 
shaft  that  the  small  bridge  spring  in  slot  on 
pallet  shaft  does  not  get  lost) . 

(0)  Remove  4  screws,  pallet  slide  cover  and  bell 
crank  bracket . 

(10)  Remove  screw  plugs,  springs  and  actuating 

plungers  for  pallet  slide . 

(11)  Remove  bearing  cap  and  driving  gear . 

(12)  Remove  cam  bevel  gear . 

(13)  Remove  pallet  slide  with  pallet  holder  and  ad¬ 
justing  screws  assembled . 

o (14)  Remove  girabal  bearing  holder  and  washer  In  top 

plate . 

NOTE:  Should  it  be  necessary  to  remove  gimbal 
bearing  holder  in  top  plate,  care  must  be 
taken  that  spacing  washer  under  holder  is  not 
misplaced  before  reassembly  again,  as  this 
washer  is  made  the  correct  thickness  for  proper 
adjustment  of  outer  gimbal  bearing.  It  is  good 
Practice  to  measure  thickness  of  washer  as  scon 
as  removed,  so  that  should  it  become  lost,  a 
new  washer  may  be  ground  to  exact  size.  Spare 
washers  are  furnished  0S045  thick  and  in  most 
cases  are  ground  down  to  oetween  0T025  and 
0T030  when  fitted. 

The  above  completes  disassembly  of  parts  on  top  plate; 

H.  PALLET  MECHANISM  -  ASSEMBLE  AND  ADJUST 

(1)  Clepn  and  inspect  pallet  slide  and  holder: 

(a)  Note  that  hardened  insert  fits  tightly  on 

pallet  slide . 

(b)  Note  that  pallet  shaft  is  a  snug,  lapped 

fit  in  pallet  holder . 
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( c)  Stone  out  any  burrs  found  on  pallet  slide . 

(d)  Note  that  pallet  holder  adjusting  screws 

work  freely . 

( e)  Install  pallet  slide  with  holder  assembled 

on  top  plate . 

<2)  Replace  com  bevel  gear: 

( a)  'Gitfnn  and  note  that  bushing  is  tight  in  cam 

bevel  gear . 

(b)  Inspect  for  burrs  on  gear  teeth  and  bearing 

surface . 

( c)  Install  cam  bevel  gear . 

( d)  Replace  driving  gear,  bearing  cap  and  hold¬ 
ing  screws .  4  0 

(e)  Note  that  with  pallet  slide  against  stops 

on  top  plate  only  a  maximum  of  3.5  teeth 
play  exists  when  moving  com  bevel  gear  to 
and  fro;  if  more,  it  will  be  necessary  to 
dress  the  pallet  slide  down  with  a  stdne  in 
wak*>  of  stops  in  order  to  obtain  the  proper 
clearance . 

13)  Replace  pallet  slide  cover: 

(a)  Clean  and  Inspect  with  particular  attention 

to  pins  and  stop  pins  for  pallet  pawls  be¬ 
ing  tightly  riveted  on . .* . 

( b )  Replace  pallet  slido  cover  and  bell  crank 

bracket,  securing  with  four  holding  screws .  4t> 

( c )  After  tightening  the  screws,  note  that 
pallet  slide  moves  in  and  out  in  top  plate 

without  restriction . 

(4)  Clean,  Inspect  and  replace  pallet  slide,  spring 
plugs,  springs  and  screw  plugs;  screw  plugs 
should  be  flush  with  holes  in  top  plate  when 
tight.  Turn  cam  bevel  gear  and  note  that  spring 

plugs  are  moving  freely . 

(5)  Replace  pallet  shaft  with  cam  pawl  and  spring: 

Note  that  - 

(a)  Cam  pawl  is  a  snug  fit  on  end  of  pallet 

Shaft'  without  any  lost  motion . 

■(b)  pallet  shaft  is  a  lap  fit  with  unrestrict¬ 
ed  rotary  movement  in  bearing  in  pallet  WE162 

holder . . .  WE  163 

( c)  Ends  of  spring  are  free  to  slide  in  slot  cxi 

s  haft. . . . . 

(d)  Diameter  of  upper  end  of  pallet  shaft  ex¬ 
tends  to  Just  below  upper  end  of  bearing  in 
pallet  holder,  thus  permitting  pallet  blade 
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to  be  installed  on  shaft  without  vertical 
motion . 

'6)  Replace  pallet  blade  on  pallet  shaft: 

Note  that  - 

(a)  Pallet  blade  Is  free  of  burrs  and  that 

edges  are  sharp  and  square . 

(b)  Pallet  blade  fits  snugly  on  pallet  shaft. 

( c)  Pallet  blade  is  centered  on  pallet  shaft.... 

(d)  Pallet  blade  is  installed  and  clamped  on 

pallet  shaft  with  only  a  very  slight  verti¬ 
cal  play . 

o(7)  Replace  spacing  washer  and  top  bearing  holder. 

Make  sure  that  spacing  washer  is  the  correct 

s  . . 

<8 )  Adjust  clearance  between  cam  and  cam  pawl: 

(a)  Turn  cam  bevel  gear  until  pallet  has  moved 
to  its  extreme  outer  position  and  temporar¬ 
ily  install  gyro  with  cam  on  cam  plate  fac¬ 
ing  opposite  the  cam  pawl . 

(  b)  Move  pallet  shaft  (P)  in  toward  cam  plate 
by  turning  cam  bevel  gear,  at  the  same  time 
turning  the  gyro  in  azimuth,  so  that  the 
pallet  cam  (C> U  brought  into  line  with  cam 
pawl  «B> i  at  the  slightest  indication  of 
cam  pawl  binding  on  cam,  loosen  clamp  screw 
<K)  and  turn  pallet  holder  adjusting  screws 
(J  and  I*  In  a  direction  giving  more  clear¬ 
ance  between  c«m  pawl  and  cam  (See  fig.  5l) 

(n  With  cam  pawl  (B)  moved  all  the  way  in 
against  the  gyro  cam  <C) ,  so  that  a  slight 
drag  may  be  Te  1 1  due  to  cam  pawl  sliding 
against  one  or  the  other  of  concentric 
ridges  on  cam  plate,  when  moving  gyro 
right  or  left  in  pot,  note  clearance  of 
pallet  blade  (A)  with  pins  <D)  in  either 
direction.  This  clearance  should  be  equal 
for  both  sides  and  so  adjusted  by  pallet 
holder  adjusting  screw  that  a  measurement 
of  OrOlOfO  may  be  attained  on  either  side  . 
(See  first  and  second  positions  of  fig. 51) • 

( 9)  Check  pallet  blade  with  gyro  locked: 

(a)  Lock  gyro . 

(b)  Center  pallet  blade  by  turning  cam  gear 

until  pallet  pawl  contacts  cam  on  gyro 
cam  plate . . . 
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(c)  Check  to  nee  that  pallet  blade  Is  centered 
between  pins,  by  eye.  If  off  center,  turn 
top  pi  a to  adjusting  worm  until  blade  Is 

centered  between  pins . 246A,161 

(d)  Re-check  clearances  on  both  sides  of  blade 

and  pins  as  In  step  H,  (8) (c) . 

•(10)  If  previously  taken  off  replace  right  and  left 
adjusting  links  (N)  with  adjusting  screw  (0) 
and  split  pins  on  pallet  pawls  (L  and  M) ;  note 
that  adjusting  screw  works  freely  In  links;  and 
that  edges  of  pallet  pawls  are  sharp.  (See 
figure  52) . 
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(11)  Replace  pallet  pawl  and  linkage  assembly  on 
pallet  pawl  pins  and  secure  with  cotter  pins.. 
Note  that  - 

(a) . Fit  of  pins  and, holes  Is  snug  without  bind¬ 

ing . 

(b)  A  clearance  of  not  less  than  t003  nor  more 


92 
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than  :005  Is  present  between  either  side  of 
pallet  blade  and  pallet  pawl  being  measured. 

(See  figure  53) . 


CLEARANCE  or  PALLET  bLADC 
bETWEEW  PALIET  PAWL». 


(12)  Chepk  centering  of  pallet  blade  and  zero  gradu¬ 
ate  on  retainer  plates  with  line  on  marker  In 
pot . 

(a)  Lock  gyro . .  gOQA 

(b) .  Place  and  hold  pallet  pawls  in  neutral 

pos  1  tlon . . . . 

( c )  Turn  cam  gear  and  note  If  pallet  blade 
passes  between  pallet  pawls.  If  pallet 
blade  touches  either  pawl  instead  of  pass¬ 
ing  botween,  the  pallet  blade  Is  off  center 
on  pallet  shaft  or  marker  for  graduation 

on  retainer  plate  Is  out  of  line . 

(d)  Turn  top  plate  adjusting  worm  spindle  slight¬ 

ly  in  a  direction  to  cause  pallet  blade  to 
run  between  the  pallet  pawls.  Having  ob¬ 
tained  this  position,  note  if  pallet  blade  246A,161 

clearances  are  equal  on  both  sldesfsee  step 

H  (8)  (c) )  ;  1  f  not,  the  pallet  blade  will 
have  to  be  re-centered  on  shaft,  In  which 
case  It  will  be  necessary  to  repeat  the 
steps  outlined  above  after  re-centerlng 
b 1 ade . 

(e)  Unlock  and  remove  gyro .  246A,  13-14 


(13)  Replace  bell  crank  and  link: 

(a)  Clean,  Inspect  and  replace  extender  and 

screw  on  left  pallet  pawl . 

(b)  Install  bell  crank  (B)  and  link  (A) ; Insert 
pin  for  bell  crank  and  secure  with  cotter 

pin  (See  figure  . . 

(c)  Clean,  inspect,  and  replace  small  conical 

washer  (L2)  on  pin  In  extender . 

(d)  Replace  end  of  bell  crank  over  pin  on  ex¬ 
tender  and  secure  with  cotter  pin . 

Final  adjustments  of  the  pallet  mechanism  including  pallet 
ami  pallet  pawl  clearances  are  made  in  combination  with  the 
gyro  In  adjusting  stand. 
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FIG  54 


STEERING  ENGINE 

(1)  Test  prior  to  disassembly: 

(a)  Place  engine  lvi  block  of  leakage  testing 

s  tand . 

(b)  Connect  low  pressure  air  line  to  Inlet  nip¬ 
ple  and  turn  on  .the  air .  141 A 

(c)  Operate  valve  to  move  piston  to  full  "in" 

position . 

(d)  Fork  should  Just  clear  gland,  with  clear¬ 
ance  of  from  .001  to  .002  of  an  Inch . 

( e)  Move  valve  reversely  and  measure  length  of 
piston  stroke.  Full  stroke  should  be  .375 
♦  .010  -  .000  in.  If  the  stroke  Is  too 
short,  It  will  be  necessary  to  decrease  the 
thickness  of  the  adjusting  washer  the  amount 
required  to  obtain  full  throw  after  engine 

Is  disassembled . 


-186- 


( f )  Test  for  leaks  around  val\e  and  through 
piston  exhaust.  '  ~.  he  jcility  to  adjudge 
excessive  leakage  is  dependent  upon  knowl¬ 
edge  of  properly  fitting  steering  engines X 
In  general , leaks  through  the  piston  exhaust 
should  not  be  audible,  and  the  valve  should 
fit  snugly  enougn  to  prevent  air  from  blow¬ 
ing  into  the  atmosphere.  There  will  always 
be  a  certain  amount  of  leakage  past  the 
rings  and  out  the  piston  exhaust,  as  a  el  1 
as  around  the' valve:  the  limit  of  such 
leakage  must  remain  a  matter  of  judgment. 
As  an  aid  in  determining  this  limit , operate 
the  valve  and  note  the  drop  in  pressure  on 
the  supply  line  during  the  stroke.  This 
drop  in  pressure  should  be  in  the  neighbor¬ 
hood  of  10  lbs.  per  sq.  ir...  using  a  supply 
line  3/16"  dicra.  and  2  ft.  long.  Excessive 
leakage  from  the  exhaust  is  corrected  by 
renewal  of  pistor  rings,  although  in  ex¬ 
treme  cases  pistons  or  cylinders  tray  have 
to  be  replaced . 

(2)  Disassemble  engine: 

(a)  loosen  fork  clamp  screw . 

( c)  Screw  off  fork.  Scribe  position  before  re¬ 
moval  and  count  turns . 

(c)  Remove  gland  lock  sere* . 

( d)  Remove  gland . . 

(e)  Remove  valve,  hold  connection  end  with 

pliers  and  unscrew  valve  stop  screw . 

(f )  Remove  locking  screw  and  washer  from  cylin¬ 
der  head . ■ 

( g)  Remove  cylinder  head . 

(h)  Remove  piston  and  adjusting  washer,  using 
screw  driver  to  push  piston  out  of  cylinder 

(i)  Remove  cap  for  strainer  body  and  remove  air 

strainer . 

(3)  Clean  and  repair: 

(a)  Immerse  parts  in  clean  gasoline  and  blow 

dry  with  air . 

(b)  If  engine  stroke  is  not  correct  as  noted 

from  step  I  <l)(e)  above,  remedy  by  facing 
off  or  renewing  adjusting  washer . 

(c)  Fit  new  piston  rings  if  necessary  (see  0-  D. 

#750  for  method) . 

(d)  Fit  new  valve  if  necessary  (see  0.  D.  *750). 
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( e )  Lap  valve  hole  if  necessary  ( see  0.  D.  &750) .  WE135 

(f)  Lap  cylinder  if  necessary  (see  0.  L.  ?750^ .  WE103 

(4)  Assemble  engine: 

(a)  Oil  (C)  parts . 

(b)  Insert  piston  with  adjusting  washer .  213 

(c)  Screw  in  cylinder  head  with  gasket  In  place .  25 

(d)  Install  locking  screw  for  cylinder  head .  41 

(e)  Insert  valvw,  secure  with  stop  screw . •  • .  92,37 

(f)  Pack  and  Install  gland . .  18 

(  g)  Screw  in  fork  to  scribe  nark,  using  same 

number  of  turns  as  on  disassembly . 

(h)  Set  up  fork  clamp  screw .  49 

(i)  Replace  air  strainer  in  strainer  holder . 

(j)  Replace  cap  for  strainer  body  with  washer . •  ••  402 

(k)  Test  for  leaks  and  clearance  as  outlined  in 

test  before  disassembly.  When  engine  passes 
these  tests,  it  is  ready  for  assembly  on  gy¬ 
ro  mechanism . 


J.  DEPTH  ENGINE 

(1)  For  overhaul  and  test  of  depth  engine  see  O.D. 
#750 . 

K.  GYROSCOPE  -  DISASSEMBLE 

(1)  Tes t  constant  spin  gyro  for  leak  prior  to  dis¬ 
assembly: 

(a)  Place  gyro  in  fixture,  see  O.D.  #750 . 

(b)  Adjust  air  so  that  there  is  125  lbs.  per 
square  inch  pressure  on  air  supply  line. 

(c)  Turn  on  air  to  fixture.  (Take  air  from 

heater  issued  with  gyro  spinning  stand  out¬ 
fit) . 

(2)  Test  side  bearings  for  leaks: 

(a)  Around  edges  of  locking  discs . 

(b)  Around  edges  of  side  bearing  sleeves . 

Note  position  of  leaks  for  remedy  after  dis¬ 
assembly.  Leaks  around  edges  of  locking  discs 
are  remedied  by  the  insertion  of  paper  washers 
between  locking  discs  and  sleeves,  also  by  lap¬ 
ping  heads  of  screws  for  locking  discs  to  their 
seats  in  discs.  Leaks  around  edges  of  side 
bearing  sleeves  are  remedied  by  lapping  sleeves 
with  a  face  lap  and  outer  girobal  bearing  sur¬ 
face  lap  (use  light  lubricating  oil)  also  by 
use  of  paper  gaskets. 
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(3)  Remove  locking  discs  for  side  bearings; 

(a)  Remove  locking  disc  screws  and  locking 

discs .  81 

(b)  Take  care  not  to  injure  paper  washers  be¬ 
neath  locking  discs . 

( c )  inspect  recess  between  disc  and  sleeve  for 

rust . 

fd)  Clean  recess  but  do  not  move  position  of 

bearing . 

ft)  Remedy  leak  between  locking  disc  and  sleeve, 


if  one  had  been  found  by  step  K  (2) (a) . 

(f)  Replace  locking  discs  and  washers...* . 81 

(4)  Remove  side  bearing  sleeve  assemblies. 

fa)  Remove  holding  screws  for  sleeves  to  outer 

glmbal  ring . 81 

(bj  Note  bench  marks  on  sleeves  and  outer  gim- 
bal .  Remove  sleeves  using  two  no.  91  tools 

simultaneously .  91 

(c)  Place  each  sleeve  assembly  with  holding 
screws  in  separate  compartment  of  cleaning 
s  tand . . . 


(d)  See  that  holding  screws  are  so  placed  that 
they  can  be  reassembled  in  the  same  holes 

they  occupied  before  disassembly  . 

ft)  When  removing  sleeve,  take  care  not  to  dam¬ 
age  paper  washer . . . 

(5)  Remove  balls  and  retainer  for  side  bearings: 

(a)  use  two  hard  wood  • ticks,  preferably  orange 

wood,  for  prying  coonercial  balls  and  re¬ 
tainers  off  the  inner  races  on  center . 

(b)  place  in  correct  compartment  of  cleaning 

stand . 

(6)  Remove  inner  races;  t 

(a)  Remove  inner  races,  being  sure  that  flanged 

ends  of  tool  body  fit  into  groove  of  sup¬ 
porting  ring .  416 

(b)  Place  inner  races  in  proper  compartment  of 

the  cleaning  stand . 

( c )  Note  commercial  name  of  race  is  outside . 

(7)  Remove  inner  ginbal  and  wheel  assembly: 

fa)  Rotate  inner  glmbal  and  wheel  so  that  wheel 
asls  is  parallel  to  plane  of  outer  glmbal 

ring . 

(b)  Remove  inner  glmbal  and  wheel  assembly  by 
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rotating  inner  global  about  wheel  axis.  In¬ 
ner  global  ring  pivots  pass  through  recesses 
of  outer  global  ring . 

(8)  Test  top  pivot  for  leaks: 

(a)  Replace  inner  global  sleeves  In  outer  glo¬ 
bal  ring,  turned  90°  froo  regular  position, 
to  blank  off  allgnoent  of  holes  for  air  to 

side  bearings .  81,483 

(b)  Install  test  nozzle  in  top  pivot,  hold 
against  seat  and  adolt  air  until  pressure 

in  global  ring  is  90  lbs.  per  square  inch . 

(c)  Test  with  oil  around  edges  and  over  lift¬ 
ing  holes  of  top  pivot . 

( d)  Reoedy  leaks  by  lapping  pivot  seat, Dale  lap. 


Paper  washer  will  check  soall  leaks. .  WE166 

( c)  Remove  inner  global  sleeves  from  outer  glo¬ 
bal  ring .  81,91 

(9)  Disassemble  Inner  global  ring: 

'  ( a)  Slack  off  holding  screws  for  Inner  global 

halves .  81 

( b)  Remove  holding  screws  for  inner  gimbal  ring 

halves .  81 

(c)  Remove  one  holding  screw  for  each  inner  glo¬ 
bal  8 lde  bearing  center,  on  same  global 

half .  81 

( d)  Loosen  other  holding  screw  Tor  each  Inner 
gimbal  side  bearing  center,  on  other  gimbal 

half . 81 

'(«)  Start  inner  global  ring  halves  apart  with 

1  If  ting  screws .  91 


(f)  As  ring  parts,  grasp  geared  wheel  hub  and 
force  it  up  into  the  wheel  bearing  that  Is 
uppermost, to  prevent  balls  of  wheel  bearing 

from  falling  out . 

( g)  When  halves  are  parted,  reverse  position  of 

upper  half . . . 

(h)  Remove  gyro  wheel . 

(i)  Remove  balls  froo  wheel  bearings,  placing 

them  in  proper  coopartment  of  stand .  .  90 

(10)  Remove  balls  and  retainers  froo  bottom  end  top 
races : 

(a)  Use  two  hard  wood  sticks,  preferably  orange 

wood,  for  prying  commercial  balls  and  re¬ 
tainers  of  the  inner  races  on  center . 

(b)  Place  in  correct  coopartment  of  cleaning 

stand . 
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(11)  Remove  wheel  bearing: 

(a)  If  necessary  to  remove  or  adjust  wheel  bear¬ 
ings,  use  tool .  204 

(12)  Remove  inner  ginbal  bearings: 

(a)  If  necessary  to  remove  or  adjust  side  bear¬ 
ings,  use  tool .  80,204 

(13)  Remove  bottom  bearing  assembly: 

(a)  With  bottom  bearing  holder  of  gyro  pot  se¬ 
cured  by  set  screw,  and  adjusting  body  se- 
c  ured  with  set  screw,  back  out  retainer 

pi  ate  or  spring  seat .  41 

(b)  Remove  spring  and  button . 

( c)  Clean  spring  and  button, oil  (A)  and  replace 

in  bearing  holder . 

( d )  Remove  bottom  bearing  holder  from  bot  tom  463,41 

head.  Inspect  and  clean  race .  WE192 

( e)  Remove  adjusting  body  assembly .  204,4  1 

L.  INSPECT  AND  RENEW  GYRO  PARTS  WHERE  NECESSARY 

(1)  Inspect  balls,  ball  bearings,  inner  and  outer 
races  of  top,  bottom  and  side  bearings.  Parts 
of  these  races  are  not  interchangeable.  If  one 
part  Is  unfit  for  use,  the  entire  bearing  must 
be  renewed: 

(a)  Lapping  flats  under  glmbal  pivots .  WE166 

(b)  Lapping  glmbal  centers .  WE167 

( c)  Lapping  side  of  ball  bearings .  WE168 

(d)  Lapping  bottom  of  ball  cups .  WE171 

( e)  Scriber  turning  balls  in  bearing  when  check¬ 
ing  for  freedom  of  movement  in  races .  WF172 

(f)  For  squaring  top  bearing  holders  in  lathe .  WE182 

(g)  Wrench,  ball  cup  retainer  assembly  in  top 

plate .  "E188 

fk)  For  removing  ball  cup  in  top  plate .  MS189 

(%)  Remove  upper  outer  glmbal  race .  WE192 

( j)  Lap  side  bearing  sleeve  to  glmbal  ring .  WE193 

(k)  Lap  inner  race  for  center .  WE194 

(l)  Lap  top  and  bottom  pivots .  "E198 

(n)  Lap  side  bearing  pivots .  WE196 

( n)  Lap  threads  of  wheel  bearing .  "E17G 

(2)  Inspect  gyro  wheel: 

(a)  Inspect  pivots  for  dents  or  fractures  osing 

magnifying  glass . 

(b)  Dented  wheel  pivots  cannot  be  replaced  in 

service . 
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( c)  New  wheel  should  be  Installed  and  old  wheel 
sent  to  Naval  Torpedo  Station,  Newport,  R.I. 
for  overhaul . 

(3)  Inspect  wheel  bearings: 

(a)  Balls  must  be  measured  for  correct  diameter, 

and  be  free  from  pits .  WE5 

(b)  Outer  races  must  be  free  from  dents  or  pits. 

When  renewing  a  wheel  bearing, the  new  bear¬ 
ing  should  be  balanced  on  the  most  accurate 
scales  available  to  insure  that  it  is  the 
same  weight  as  the  old  bearing.  Where  nec¬ 
essary,  take  weight  off  the  new  bearing  by 
grinding.  The  gyro  bearing  polishing  mach¬ 
ine  is  furnished  for  this  purpose . 

(4)  Remove  outer  race  in  bearing  holder  for  gyro 

top  plate,  clean  and  replace .  WR102 

(0)  Test  bearing  holder  and  top  bearing  In  gyro  top 
plate  for  leaks: 

foJUse  test  pipe  and  nozzle  furnished  with 
ba  lancing  fixture  to  carry  away  from  ex¬ 
tender  . 

(b)  Test  edges  of  bearing  holder  and  outer  race 
wh  lie  air  is  being  admitted  through  con¬ 
stant  spin  connection . 

(6)  Remove  cam  plate  from  outer  glmbal  ring. 

NOTE:  It  should  never  be  necessary  to  remove 
the  cam  Plate  from  the  outer  gimbal  ring  after 
manufacturing  assembly,  except  if  bent  out  of 
alignment  due  to  the  accidental  dropping  of  the 
gyro:  in  which  case  proceed  as  follows .* 

(a)  Remove  4  holding  screws  for  cam  plate  and 

remove  cam  plate .  37 

( b)  Place  cam  plate  on  surface  plate  and  note 

position  of  band . 

(c)  Tap  plate  back  into  alignment  with  soft 

lead  hammer . 

(d)  Replace  on  glmbal  ring  and  secure . 

(e)  Place  one  side  bearing  end  of  glmbal  ring 

on  surface  plate... . 

( f)  With  Universal  indicator  measure  height  from 

surface  plate  to  upper  side  of  the  cam .  WB10 

( g)  Reverse  gimbal  on  surface  plate  so  as  to 

rest  on  the  opposite  side  bearing  end . 

(h)  Take  measurements  as  in  step  (f)  above . 

(i)  Measurements  taken  in  steps  (f)  and  (h  ) 

should  be  the  sane,  within  07001  of  an  inch  . 
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(j)  Should  the  measurements  taken  in  steps  ( f ) 
and  (h)  differ  beyond  allowable  tolerances, 
it  will  be  necessary  to  re-align  the  cam 

plate  as  in  steps  (k),(l),(u)  and  (n) .  . 

(k)  Remove  the  dowels , drill ,  tap  and  plug  holes 

using  1/8"  x  40  plugs . 

(l)  Proceed  to  measure  as  in  steps  ( t) .(]).( g) , 

(h)  moving  cam  plate  until  within  tolerance 

as  given  in  step  (  i) . 

(m)  Drill  new  holes  for  dowels  with  cam  plate 

secured  in  place  on  outer  gimbal . 

( n)  Push  dowels  into  plate  in  their  new  location . 

(.  GYROSCOPE  -  ASSEMBLE 

(1)  Assemble  gyro  wheel  and  inner  gimbal  halves: 

(a)  Place  balls  in  wheel  bearings,  making  sure 

that  they  are  returned  to  their  own  races .  90 

( b)  Place  wheel  in  position  in  one  bearing  of 
gimbal  ring,  reverse  position  of  wheel  and 
gimbal  half,  holding  wheel  against  bearing 
to  prevent  balls  from  falling  out.  See  that 
be  nch  mark  on  wheel  coincides  with  bench 

mark  on  gimbal . 

(c)  Fit  Inner  gimbal  halves  together . 

( d)  Replace  holding  screws  for  Inner  gimbal 


halves .  37 

(e)  Replace  Inner  gimbal  ring  pivots  and  washers. 

See  that  pivot  scratches  coincide . 

(f)  Replace  holding  screws  for  pivots .  37 

( g)  See  balance  nut  sets  at  position  of  static 

balance. f  1-1/2  turns  from  hard  up  position ) .  37 


(2)  Place  wheel  In  centering  fixture  (block)  and 

center,  see  O.D.  #750 . 

(3)  Check  clearance  of  gyro  wheel: 

(a)  Install  and  check  number  of  swings  of  tool 

. . 

( b)  The  tool  should  swing  past  the  lower  center  4 14A 

position  from  5  to  7  times . * . 

( c)  If  wheel  bearing  position  is  changed  due  to 
this  step,  the  wheel  should  be  centered 

again  as  in  step  M  (2) . 

(4)  Place  inner  gimbal  on  knife  edges  and  test  for 

static  balance,  see  O.D.  #750 . 

(5)  Replace  inner  gimbal  and  wheel  assembly  in  out¬ 
er  gimbal: 

(a)  Replace  and  oil  (A)  top  and  bottom  pivots 


isl¬ 


and  oil  each  pivot  with  two  drops  of  oil 
(A)  using  needle  syringe . 

(b)  Replace  inner  global  and  wheel  assembly  in 

outer  gimbal,  see  step  K  (7) . 

(c)  Replace  inner  races  on  inner  global  ring 

pivots.  Be  sure  race  Is  all  the  way  home 
with  commercial  marking  out.  Inner  races 
should  go  back  on  own  pivots  in  same  rela¬ 
tive  position . 

( d)  Replace  balls  and  retainers  on  inner  races 

(e)  Replace  sleeve,  paper  washer  and  ball  race 

assetnBly  (see  step  K  (4)J.  Do  not  remove 
loTJlHng  discs  . 

(6)  Repin* e  balls  and  retainers  on  top  and  bottom 

pivots  Oil  pivot  with  two  (a)  drops  of  oil--- 
each,  us*lng  needle  syringe . 

(7)  Place  gyroscope  assembly  In  balancing  fixture 

and  center  Mn  ou»er  gimbal,  see  O.D.  #750 . 

(8)  Check  end  play  or  side  bearing,  see  O.D.  WO. 

The  end  play  of  the  side  bearings  should  be 
0?005  in  a  1 1  gyros . 

(0)  Retain  gyro  in  fixture  and  test  side  bearings 
for  leaks.  (See  steps  K  (1)  and  (2)  of  dis¬ 
assembly^  . 

Gyro  Is  now  ready  for  installation  and  final  adjustment  with 
mechanism. 

N.  ADJUSTMENTS  AND  TESTS 

(1)  Place  gyro  mechanism  in  spinning  stand,  see 
O.D.  #750  for  instructions. 

(2)  Install  gyro  in  mechanism: 

(a)  Turn  pallet  driving  gear  until  cam  pawls 

are  in  extreme  out  position  away  from  cen¬ 
ter  . 

(b)  Install  gyro  in  pot  with  cam  on  cam  plate 

opposite  from  cam  pawls  to  prevent  fouling . 

( c)  Ascertain  that  top  pivot  is  centered  in 
ball  race  and  does  not  hang  up;  in  gyros 
with  commercial  bearings  make  sure  that 
balls  for  top  race  do  not  hang  up  on  edge 

of  outer  race . 

ROTE:  It  is  good  practice  to  cause  gyroscope 
assembly  to  revolve  on  its  upper  bearing  xhe  n 
installing  bottor  head,  thus  raking  certain  that 
balls  and  bottom  bearing  are  lined  up. 
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81,91 
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(3)  Install  bottom  head  (L)  with  lower  adjustable 
bearing  holder  (C)  removed  (See  figure  55) . 
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FIG.  55 

(4)  Install  bottom  bearing  holder: 

(a)  Remove  the  adjusting  body  assembly  D,E,F 

and  P  from  the  bottom  bearing  holder . 

(b)  Install  the  bottom  bearing  holder  (C)  and 

outer  race  (H) . 

(c)  Set  up  on  the  bottom  bearing  holder  (C) 
until  the  balls  (I)  of  both  bottom  and  top 
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races  (G  &  H)  are  in  «>onta«.t  with  the  curved 

path  of  these  races  .  ...  . 

CAUTION  Note.  that  halls  a**  Properly  centered 
in  thetr  races  xhen  executing  step  2  above.  7he 
balls  for  the  lover  hea-,ng  may  he  observed 
through  the  tapped  hole  »n  the  hearing  holder 

(5)  Check  sparing  washer  under  t  op  bearing  for  prop 
er  thickness 

NOTE:  It  is  important  that  this  washer  be  of 
the  correct  thickness  to  insure  the  alignment 
of  axis  of  the  gyrjs'ope  xi'A  the  centering  pin 
in  the  spinning  gear  ,n  that  xhen  the 

centering  p  in  is  wi*hdrawn  after  sPmn.ng  no 
reaction  will  be  set  up  whi  'h  art  .1  *  end  to  de¬ 
flect  the  gyroscope.  ,is  the  relative  heights 
of  the  gyroscjpe  and  .  ent  sring  p.n  >M)  m  Pot 
cannot  be  measured  dir*  t'.y  jn  their  axes  ’xo 
measurements  are  taken  me  ea  • h  end  of  the 
inner  ginbai  ring  (S*e  NI.N2,  figure  55)  half 
the  difference  between  these  is-aju-^n's  ( see 
figure  55)  will  be  the  amount  wht'h  the  ren¬ 
ter  of  the  gyros  ' >pe  is  o u'  of  a  i gnment  with 
the  centering  pm. 

(a)  Lock  gyro .  .  .  ..  205A 

(b)  Place  Depth  Ml.  roaeter  base  across  seat  for 
gyro  clamp  plate  In  po»  .  lo.  ate  so  that 
depth  gauge  sptndle  will  line  up  with  outer 
edge  ( see'io  at  un  at  Nt)  or  gimbal  ring 

locking  end  Note  measurement  carefully  .  WE190B 

( c)  Reverse  k.<  atlon  of  D.-pth  Ml.rometer  so 
that  depth  gauge  splndl-  will  line  up  with 
outer  edge  (  see  location  at  N2J  of  gimbal 

ring  Tree  end,  and  note  reading  carefully  .  WE190B 

(d)  Subtract  the  sum  of  th**  first  reading  from 
the  sum  of  the  second  reading,  with  allow 
able  tolerance,  the  remainder  should  be  not 

not  less  than  0"005  nor  more  than  0"010  . 

(e)  With  the  remainder  less  than  0"005  for 
e  xarnple 

Remainder  Is  minus  0.025 

Unlock  gyro  ....  .  .  •  ....  205A 

Remove  bottom  head  tL) .  . .  246A 

Remove  gyro  from  mechanism 
Remove  top  bearing  holder  tA; 

Remove  washer  <B)  under  top  bearing . 

With  micrometer  calipers  measure  thickness 
of  this  washer . 


WE  5 
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Since  the  remainder  is  minus  0.025,  it  must 
be  minus  0.030  of  allowable  tolerance  on  read¬ 
ing  at  N2,  in  which  case  it  will  be  necessary 
to  reduce  the  thickness  of  the  washer  01015  or 
one  half  of  the  remainder,  which  is  done  by 
grinding.  Should  it  be  necessary  to  fit  a  new 
top  bearing  washer  (B)  in  the  service, care  must 
be  exercised  to  grind  to  an  even  thickness  all 
over  in  order  that  the  top  bearing  holder  (A) 

will  seat  evenly  on  this  washer . 

(f)  On  the  other  hand  should  the  remainder  be 
more  than  plus  01010,  it  is  obvious  that 
the  washer  (B)  is  too  thin,  in  which  case  a 
new  washer  of  the  proper  thickness  will  have 
to  be  fitted . 

(6)  Adjust  bottom  bearing  holder  to  give  clearance 
between  upper  and  lower  ball  bearings: 

NOTE :  The  external  diameter  of  the  bottom  bear¬ 
ing  holder  (C)  is  threaded  20  threads  to  the 
inch  to  fit  similar  threads  tapped  in  the  bot¬ 
tom  head  (L)  and  20  scallops  (0)  are  machined 
around  a  flange  on  its  outer  end  for  alignment 
with  the  adjustment  lock  screw  (J).  Thus  it 
will  be  seen  that  rotating  the  holder  one  scal¬ 
lop  in  the  bottom  head  will  cause  a  traversing 
movement  of  010025. 

For  this  adjustment  a  clearance  of  0*0125  is 
the  most  desirable  between  the  balls  (I)  in 
the  lower  bearing  and  the  curved  Path  on  their 
outer  race  (B),  provided  the  balls  (I)  of  the 
top  race  are  contacting  with  the  curved  Path  of 
their  outer  race  ( G )•  This  clearance  will  per¬ 
mit  a  01010  clearance  at  (Bl)  and  a  01002  5 
clearance  at  (G l),  after  adjustments  are  made 
and  gyro  is  right  side  up.  Eowever,  this  ad¬ 
justment  may  vary  slightly  as  a  scallop  may  not 
line  up  with  the  lock  screw  hole,  in  which  case 
the  scallop  nearest  the  screw  hole  should  be 
moved  \n  line  with  same. 

(a)  See  that  a  scallop  (0)  on  the  bearing  hold¬ 
er  (C)  lines  up  with  the  hole  for  lock 
screw  (J) ;  if  not,  back  the  nearest  scallop 
into  line.  If  this  movement  is  less  than 
half  a  scallop,  back  off  5  additional  scal¬ 
lops  and  install  set  screw  (J) ;  this  will 
give  a  clearance  of  from  010125  to  . . 
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(b)  If  the  lining  up  of  the  first  scallop  takes 

a  rotation  of  more  than  1/2  a  scallop,  -'the 
bearing  holder  (C)  should  be  backed  off 
only  4  scallops  and  the  lock  screw  (J)  in¬ 
stalled;  this  adjustment  will  give  a  clear¬ 
ance  of  from  0?L i  0?0125 . 

(c)  If  a  scallop  is  lined  up  with  lock  screw 

hole  when  top  and  bottom  balls  (I)are  con¬ 
tacting  curved  path  of  their  races  (C  and 
K) ,  back  .off  5  full  scallops  and  install 
the  lock  screw  (J)  .  The  clearance  between 
top  and  bottom  ball  races  will  then  be 
exactly  070125, which  is  the  most  desirable 
clearance . 

Adjust  clearance  of  top  outer. gimbal  bearing: 

,Y C7f.  In  order  to  obtain  the  correct  vertical 
alignment  of  the  axis  of  the  gyroscope  xith  the 
centering  pin,  when  the  lower  center  oj  outer 
gimbal  ring  is  contacting  the  spring  button  in 
the  loaer  bearing  ( torpedo  right  side  up)  the 
clearance  in  the  top  outer  ginbal  bearing  must 
be  adjusted  to  half  of  the  sun  of  the  differ¬ 
ence  obtained  between  first  reading  at  N1  and 
the  second  reading  at  N2  of  "-i  crone  ter  tool 
KE190A,  as  taken  in  step  N  (5)  above. 

(a)  Ascertain  that  gyroscope  assembly  is  prop¬ 
erly  seated  on  its  upper  bearing, with  balls 
(  I)  contacting  curved  path  of  the  outer 

race  (0) . 

( b)  Install  adjusting  body  assembly  (D) ,  (E)  , 

(F) , (P)  in  bottom  bearing  holder  (C) . 

(c)  Sot  up  on  adjusting  body  until  no  vertical 
play  can  be  felt  between  upper  bearing  at 

(Cl)  and  lower  bearing  '•t  (Pi) . 

( d)  Place  micrometer  depth  gauge  with  the  base 

resting  on  the  flat  f*co  of  plug  (E) . 

( e )  Measure  depth  to  flat  face  on  bottom  bearin’ 
holder  (C)  (note  position  of  VE9  as  shown 

in  figure  5 jand  note  this  reading  carefully . 

( f)  Reset  micrometer  depth  gauge,  adding  one 
half  of  the  difference  between  the  reading 
of  (WE mo A)  at  K 1  and  N2,  as  taken  in  step 
NO.  For  example: 

at  K1  -  Reading  at  K2  0?005.  0.005  =  0.0025  to  be  added 

2 


TQQLNO . 
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Reading  at  Nl  -  Reading  at  N2  .  Of 0073.  0.0075  ■  0.0037  to  be  added 

2  " 

Reading  at  Nl  -  Reading  at  N2  -  0.010.  0.010  r  Of 005  to  be  added 

2 

(g)  Back  out  the  adjusting  body  (D)  suffi¬ 
ciently  to  permit  measurlng-splndle  on  mi¬ 
crometer  depth  gauge  (WE9)  to  clear  flat 
faceon  bottom  bearing  holder  (C) ,  when 
base  of  gauge  is  resting  flush  on  plug  (E) 
as  In  step  N  (7) (d)  above  and  replace  depth 

gauge  on  plug  (E) . 

fk)  Scree  in  on  adjusting  body  (D)  until  measur¬ 
ing  spindle  on  depth  gauge  Just  contacts 
the  flat  on  bearing  holder  (C)  with  the 
base  flush  on  plug  (E) .  Thle  will  give  a 
clearance  at  (Pi)  equal  to  the  difference 
In  depth  gauge  adjustment  as  reset  in  step 
N  (7) (f)  above  and  consequently  a  similar 
clearance  at  (01)  with  the  torpedo  right 

s  lde  up . . 

(i)  Secure  adjustment  made  In  step  (h)  above 
with  lock  screw  (g) . 

NOTE:  It  is  not  always  possible  to  secure  ad¬ 
justment  obtained  in  step  (h)  above  without  a 
slight  change  as  the  scallop  in  adjusting  body 
(D)  "ay  not  line  up  with  the  hole  for  loch 
screw  (K).  thus  making  it  necessary  to  turn  the 
nearest  scallop  into  alignment  for  set  screw. 

Change  so  made  ij  considered  negligible  and  is 
within  the  tolerance  of  allowable  bearing  clear¬ 
ances. 

(8)  Adjust  pallet  mechanism  linkage  to  steering 
engine  j 

NOTE:  Adjustment  for  cam  and  cam  pmwl  clearance, 
and  centering  of  pallet  blade  is  done  during 
assembly  of  Pallet  mechani sm  on  toP  plate.  For 
these  adjustments  see  step  B  Pallet  Nechani sm 
Assemble. 

(a)  Install  steering  engine,  connect  valve  and 

connect  air  to  engine . . . 

(b)  Turn  driving  gear  shaft  until  cam  bevel 

gear  moves  pallet  slide  with  pallet  to  Its 
extreme  outer  position  away  from  gyro  cam 
plate . . . 

( c )  Move  pallet  (A)  in  line  with  the  left  pallet 

pawl(L);  note  clearance  between  end  of 
pallet  and  the  pawl.  (See  figure  52) . 


141A.246A.184 
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(d)  Move  pallet  (A)  In  line  with  the  right  pal¬ 
let  pawl  (M) ;  note  clearance  between  end  of 

pallet  and  the  pawl .  KE2 

(e  )  Assuming  that  step  H(12),  assembly,  has 
been  complied  with  and  that  valve  arm  (G) 
is  bent  to  correct  alignment  with  valve, 
loosen  clamp  screw  for  adjusting  head  (F) 

on  rockshaft  (E)  and  clamp  screws  on  right  41 

and  left  pallet  pawls  adjusting  links  (N) 
tor  pallet  pawl  adjusting  screw  (0) .  fSec 
f igure  54) . 

(f)  Rotate  adjusting  head  (F)  on  rockshaft  (E) 

in  a  direction  to  obtain  the  desired  dif-  37 

ference  in  clearances  and  at  the  same  time 

tu  rn  pallet  pawl  adjusting  screw  (0)  to  WE2 

obtain  the  proper  amount  of  this  clearance . 

(g)  As  will  be  noted  for  ^Pallet  blade  and  pal- 
lot  pawl  clearance  adjustmenfshown  in  fig¬ 
ure  63  the  clearance  of  pallet  (A)  and 
right  pawl  (M)  should  be  07005,  whereas  the 
clearance  of  pallet  (A)  and  left  pawl  (L) 
should  be  07010.  This  difference  In  clear¬ 
ance  Is  necessary  In  order  to  obtain  a  uni¬ 
form  valve  movement  with  a  snappy  steering 
engine  throw  from  both  pawls;  the  motion 
from  the  pallet  (A)  to  the  right  pawl  (M) 
being  transmitted  through  the  right  and 
left  adjusting  links  (N)end  adjusting  screw 

(0)  to  the  left  pairl  (L)  ,  with  attendant 

lost  motion  due  to  tolerances  In  linkage; 

whereas  the  motion  from  the  pallet  (A)  to 

the  left  pawl  (L)  is  transmitted  by  direct 

contact  and  therefore  without  this  lost 

motion . 

(h)  Having  obtained  the  desired  clearance  ad¬ 
justments,  secure  clamp  screws....' . 

The  above  steps  will  complete  the  pallet  mechanism  linkage  adjustment 
and  the  adjustment  of  gyro  to  its  mechanism. 
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A.-  AFTERBODY  PIPES 

(1)  Clean,  inspect,  anneal,  reseat  seats  on  collars 
and  chase  burrs  off  threads  on  nuts  where  nec¬ 
essary  of  the  following  pipes  on  bulkhead  and 
in  afterbody: 

(a)  Stop  and  charging  valve  to  valve  group, 

(b)  Valve  group  to  turbine  bulkhe  adf^y  ro  spin) 

( c)  Strengthening  ring  to  gyro  raechanismf'fyro 

. ; . . 

( d }  Combustion  pot  to  bulkhead  fair  straxner) 

(  e)  Strengthening  ring  to  air  strainer . 

(/)  Air  strainer  to  depth  engine . 

(g)  Air  strainer  to  steering  engine . 

(h)  Valve  group  starting  valve  to  bulkhead... 

(i)  Strengthening  ring  to  starting  gear . 

(j)  Valve  group  to  air  checks . 

(k)  Valve  group  to  igniter . 

( l )  Bulkhead  to  sprays . 

(m)  Venting  fitting  to  bulkhead . 

NOTE:  Other  pipes  assembled  with  afterbody  are 
listed  with  units  to  which  assembled. 


WE81 
WE  84 

WE 84 
WE86 
WE86 
WE  8  6 
WE86 
WE  8  6 
WE86 
WE84 
WE86 
WE80.WE88 
WE86 


B.  REPLACE  STARTING  GEAR 

(1)  Place  a  new  gasket  on  starting  valve  flange  and 

soak  with  oil  . . 

(2)  Install  starting  gear . 

(3)  Secure  with  eight  holding  screws . 

(4)  Connect  pipes  -  strengthening  ring  to  starting 

gear . 

(5)  Connect  pipe-strengthening  ring  to  air  strainer 
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C.  INSTALL  MAIN  ENGINE  ASSEMBLY  IN  AFTERBODY 

(1)  Attach  propeller  guiding  tool . 

(2)  Connect  pipe,  oil  tank  to  oil  pump,  to  nipple 

on  oil  pump . 

(3)  Swing  rudder  rods  clear . 

(4)  Install  lifting  handles . 

(5)  Place  a  new  gasket  on  bulkhead  seat  and  soak 

with  oil  . . 

(6)  Insert  main  engine  assembly  in  afterbody  guid¬ 

ing  propeller  shaft  through  after  bearing,  and 
push  all  the  way  in  on  bulkhead  seat . 


WE  34 
229 

446A,446B 
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NOTE:  It  requires  two  rren  to  install  main  engine 
assembly  in  afterbody;  one  to  guide  shaft  and 
one  to  carry  forward  end.  It  is  important  that 
forward  end  be  carried  high  all  the  way  in,  as 
otherwise  the  propeller  shafts  may  bind  in  after 
bearing. 


(7)  Remove  liTting  handles . 44 6 A, 44 6B 

(8)  Replace  nuts  for  turbine  bulkhead  screws .  48 

(y)  Connect  the  following  pipes  to  nanifold  bracket 

on  strengthening  ring:  .  . 

( a)  Bulkhead  to  strengthening  ring,  gyro  spin .  220 

( b )  Bulkhead  to  strengthening  ring,  starting 

S°*p .  14 1A 

<  •)  Bulkhead  to  strengthening  ring,  air  strainer .  141A 

(d)  Bulkhead  to  strengthening  ring,  starting 

gear  return . . .  141 A 

(10)  Connect  plperii  pump  to  o>l  tank)  to  oi*  tank .  229 

(11)  Replace  gasket  and  turbine  nozzles  with  combus¬ 
tion  flask;  secure  with  nuts .  227A 

(12)  Install  valve  group: 

( a)  Hold  valve  group  In  plnfce  and  attach  to 

combustion  flask  with  coupling  nut .  134A 


f/OTE  Care  must  be  exercised  when  securing 
coupling  nut  to  see  that  threaded  Parts  of  the 
valve  group  and  combust  ion  flask  enter  the  same 
distance  into  the  coupling  nut,  to  insure  proper 
seating  of  the  joint. 

(b)  Secure  valve  group  to  bulkhead  with  two  (2) 


holding  screws .  227A 

(c)  Secure  heads  of  holding  screws  with  wire .  72 

(13)  Connect  the  following  pipes  on  bulkhead: 

(a'  Valve  group  to  turbine  bulkhead  (gyro  spin) .  229 

(b)  Combustion  flask  to  bulkhead  (air  strainer) .  141A 

(c)  Starting  valve  to  bulkhead .  141A 

( d)  Valve  group  to  air  checks .  229 

(e)  Valve  group  to  igniter . - . - .  141A 

(f)  Bulkhead  to  fuel  sprays .  14LA 

(g)  Venting  fitting  to  bulkhead .  141A 

(h)  Bulkhead  to  water  spray .  144 

a 

I).  PACK  AFTER  PROPELLER  SHAFT  BEARING 

(1)  Remove  follower  for  packing .  452 

(2)  Oil  (D)  and  replace  felt  packing  in  after  pro¬ 
peller  shaft  bearing . . . 
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NOTE:  If  packing  appears  to  be  too  small  to  go 
over  the  shaft,  do  not  attempt  to  force  and 
tear  the  end;  by  keating  the  packing  it  will 
go  over  the  shaft  without  being  forced. 

(3)  Remove  propeller  gxfide  tool .  WE34 

(4)  Replace  follower  for  packing  and  set  up  tight  .  452,64 

E.  INSTALL  GYRO  AND  IMMERSION  MECHANISM 

(1)  Place  gasket  on  gyro  door  frame . 

(2)  Remove  gyro  clamp  plate  cover .  13-14 

(3)  Remove  transportation  pin . . .  49 

(4)  Relieve,  a  11  tension  on  depth  spring .  180 

(5)  Set  depth  index  on  zero . . .  135A 

(6)  Remove  pipe  from  gyro  reducing  valve  to  steer¬ 
ing  engine .  141A 

(7)  Attach  depth  and  steering  engines  to  their  re¬ 
spective  rudder  rods  in  afterbody,  secure  with 

rudder  rod  pins  and  lay  aside  in  afterbody .  449 

(8)  Replace  gyro  and  immersion  mechanism,  replacing 

connecting  rod  for  pallet  driving  gear . 

(9)  Remove  lifting  screws . 200 

(10)  Secure  housing  with  clamp  screws .  450 

(11)  Replace  transportation  pin .  49 

(12)  Attach  gyro  spin  lead . 220 

(13)  Attach  steering  engine  to  gyro  pot,  secure  with 

two  holding  screws  and  wire  screw  heads .  49,49A,72 

(14)  Connect  valve  connection . . .  24GA 

(15)  Replace  pipe,  reducer  valve  to  steering  engine .  141A 

(16)  -Attach  air  lead  to  steering  engine. .  141A 

(17)  Attach  depth  engine  to  gyro  pot.,  secure  with  • 

two  holding  screws  and  wire  screw  heads .  49,49A,72 

•  (18)  Connect  valve  connection .  24GA 

(19)  Attach  air  lead  to  depth  engine .  141A 

F.  REPLACE  HAND  HOLE  PLATES 

(1)  Oil  (D)  and  replace  gaskets . 

(2)  Replace  hand  hole  plates .  200 

(3)  Secure  hand  hole  plates  with  holding  nuts .  48 

(4)  Replace  washer  and  afterbody  drain  hole  plug .  13-14 

G.  TEST  AFTERBODY  ASSEMBLY  FOR  LEAKS 
(1)  Blank  off  the  following  pipes: 

(a)  Main  air  pipe  from  stop  and  charging  valve .  134A 

(b)  Fuel  from  check  to  spray .  14lA 

( c)  Water  from  check  to  spray .  144 

( d)  Reduced  pressure  air  to  air  check  valve .  229 


(2)  With  grease  gun  force  grease  (G)  through  after 
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propeller  shaft  until  It  appears  around  bushing 

between  shafts . 

(3)  Install  exhaust  valve  gag  spring . . 

(4)  Remove  drain  plug  and  install  special  test  fit¬ 
ting  for  low  pressure  air  with  gauge .  13 

(5)  Connect  low  pressure  gauge  and  air  line  to  this 

fitting . . . 

(6)  Turn  air  on  and  allow  10  lbs. pressure  to  accum¬ 
ulate  in  afterbody . 

(7)  Pour  oil  (C)  around  flange  and  Joints,  and  note 
if  any  air  bubbles  appear  indicating  leaks. 

Inspect  for  leaks  around  steering  rod  stuffing 
boxes,  propeller  shaft  packing,  and  exhaust 
valves.  All  leaks  so  found  must  be  remedied  be¬ 
fore  proceeding  further  with  assembly . 

(8X  If 1th  the  test  completed  and  leaks  stopped  where 
necessary,  remove  special  tools  and  fittings 
used  for  this  test . 

H.  OVERHAUL  AND  ASSEMBLE  TAIL  ON  AFTERBODY  -MARK  13  TORPEDO 

(1)  Clean,  inspect  with  particular  attention  to 

bearings, the  forward  propeller  sleeve . 

(2)  Clean,  and  wash  out  cavities  in  grease  packing 
ring.  Replace  ring  in  forward  propeller  sleeve 
and  secure  with  holding  screws.  Wire  screws 

together . 

(3)  Replace  forward  propeller  sleeve  on  outer  pro¬ 
peller  shaft,  zero  marks  and  keys  in  alignment . 

(4)  Replace  (4)  holding  clips  for  forward  propeller 

sleeve  to  outer  propeller  shaft . 

NOTE  Before,  inserting  clips,  it  will  be  neces¬ 
sary  to  turn  propeller  shaft  in  line  with  recess 
in  after  bulkhead. 

(0)  Secure  holding  clips  with  screws  and  wire  screw 

heads . . . .  •  •  • 

(6)  Remove  the  four  (4)  drain  plugs  in  tail  cone . 

(7)  Replace  tail  cone  on  afterbody  guiding  forward 

propeller  sleeve  into  its  bearing . 

(8)  Replace  Joint  screws  for  tall . . . 

(9)  Line  up  rudder  rod  connection  and  replace  con¬ 
nection  screws . . . 

(10)  Replace  forward  propeller  hub  keys  on  the  sleeve . . 

(11)  Clean,  inspect,  remove  burrs  if  necessary,  oil 

(D)  and  install  forward  propeller  hub . 

(12)  Clean,  inspect, remove  burrs  where  necessary  and 

re-block  forward  propeller  to  form . 

(13)  Note  that  grease  plug  is  backed  out  to  prevent 
interference  and  install  propeller  on  hub  with 

keys  and  marks  lining  up . 


TOOL-NO- 

462 

481B 

WE228 

14, 141 A 


72,41 


4  1,72 
13-14 


184 

13-14 


-204 


IQDL.MO. 


(14)  Clean,  inspect  with  particular  attention  to 
burrs  on  the  forward  side  and  on  threads.  Oil 
(B)  and  install  the  forward  propeller  nut, 
tighten  nut  until  hole  for  propeller  nut  lock 

screw  is  in  line .  i860 

(15)  Replace  forward  propeller  nut  lock  screws  and 

grease  plug .  41 


(16)  Clean,  inspect  (paying  particular  attention  to 
seat  for  end  of  after  propeller  shaft  in  for¬ 
ward  end  of  sleeve)  remove  burrs  from  keys  and 
threads  for  propeller  nut, stone  out  rough  spots 
on  bearing  surface  where  necessary  and  grease 

after  propeller  sleeve . 

(17)  Clean,  inspect,  stone  out  rough  spots  where 
necessary,  grease  (G)  and  slip  after  propeller 
sleeve  bushings  over  bearing  on  after  propeller 

sleeve . 

(18)  Insert  propeller  sleeve  with  bushings  and  tap 

in  place  with  a  soft  lead  hammer  if  necessary . 

ROIL'  It  is  important  that  keyways  and  keys  for 
after  propeller  shaft  and  sleeve  be  thoroughly 
cleaned  and  free  of  burrs  prior  to  assembly,  as 
the  forcing  of  the  sleeve  on  Propeller  shaft  by 
excessive  tapping  with  a  lead  hammer  may  result 
in  fracture  of  the  after  propeller  shaft  thrust 
bearing  race  on  the  spindle  \asing. 

(19)  Secure  sleeve  to  shaft  with  nut .  183  A 

(20)  Turn  propeller  and  note  if  any  binding  occurs 

between  the  sleeves  and  bushings;  If  so, it  will 
be  necessary  to  remove  shaft  and  place  between 
centers  to  check  for  true.  Out  of  line  condi¬ 
tions  may  in  some  cases  be  remedied  by  truing 
up  the  seat  in  sleeve  for  end  of  after  propeller 
shaft,  but  a  case  of  the  after  propeller  shaft 
being  out  of  true  sufficiently  to  bind  is  re¬ 
mote  and  may  never  be  encountered . 

(21)  Replace  after  propeller  with  •0*  marks  on  key 

and  propeller  lining  up . 

(22)  Clean,  chase  burrs  off  threads  where  necessary 
and  replace  after  propeller  nut,  screwing  all 


the  way  up  until  bench  marks  are  in  line .  185B 

(23)  Replace  lock  screws  for  after  propeller  nut .  40 


(24)  Clean,  Inspect,  oil  (B)  end  replace  upper  rai  1 

with  upper  steering  rudder  and  rudder  support 
body  assembly.  Note  that  rudder  post  enters 
bearing  in  rail  without  binding . 

(25)  Clean,  Inspect,  oil (B)  and  replace  lower  steer¬ 
ing  rudder . 
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(26)  Clean,  inspect,  oil  (B)  and  replace  lower  rail. 

Note  that  rudder  post  and  outer  ends  of  rudder 
enter  bearing  in  rail  without  binding;  also 
that  lever  arms  and  rudder  arcs  are  in  their 

proper  places . 

(27)  Clean,  Inspect,  oil  (B)  and  replace  depth  rud¬ 
ders  in  bearings  in  rudder  support  body . 

(28)  Clean,  inspect,  oil  (B)  and  replace  side  rails. 

Note  that  rudder  posts  and  outer  ends  of  rud¬ 
ders  enter  bearings  In  rails  without  binding; 
also  that  lever  arms  and  rudder  arms  are  in 

their  proper  places . 

NOTE:  The  rudder  rails  are  numbered  from  1  to  4 
and  similar  numbers  are  stamped  on  the  rudder 
connection  parts  assembled  xith  or  in  the  rails 
In  assembling,  it  is  necessary  that  Parts  of 
similar  numbers  be  assembled  together  in  order 
that  a  proper  fit  may  obtain.  One  side  of  each 
rudder  arm  is  machined  with  an  undercut  through¬ 
out  its  length  to  relieve  drag  of  these  arms 
against  the  rails;  in  assenoly  it  is  important 
that  the  undercut  side  face  toward  the  rails . 

(29)  Clean,  inspect,  oil  (B)  and  replace  holding 
screws  for  top, bottom  and  side  rails,  work  both 
rudders  and  note  that  no  binding  Is  present, 

after  which  secure  holding  screws  for  full  due .  39 

I.  OVERHAUL  AND  ASSEMBLE  TAIL  ON  AFTERBODY  -  MARK  13  MODIFICATION  TORPEDOES 


(1)  Clean  and  inspect  tail  cone: 

(a)  Clean  and  Inspect  all  bearing  surfaces  of 
both  rudder  yokes.  If  necessary  to  remove 
burrs,  use  bearing  scraper  and  fine  oil 
stone.  With  aligning  gauge,  WE  219,  check 

alignment  of  vertical  rudders  and  with  WE  WE212 

212,  check  alignment  of  horizontal  rudders .  WE219 

(b)  Clean,  Inspect,  oil  (B)  and  replace  rudder 

connections,  washer  and  cotter  pin  on  rud¬ 
der  yokes .  72,41 


( c)  Clean  and  Inspect  vertical  and  horizontal 

rudders  and  outboard  bearing  for  rudders . 

(d)  Oil  (B)  and  replace  rudder  yokes  and  rud¬ 
ders  in  tail  cone.  Oil  (B)  and  replace  out¬ 
board  bearings  for  rudders.  Replace  screws 
previously  removed  in  outboard  bearing  in 
the  same  holes  from  which  removed  and  set 

up  tight .  4  1 

(e)  With  thickness  gauge  check  cle»rance  of 
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rudder  yokes  between  yokes  and  outer  bear¬ 
ing  surface.  This  clearance  should  be  7018. 

IMPORTANT  MOTE:  then  assembling  rudders  and  out¬ 
board  bearing,  particular  attention  should  be 
Paid  to  the  assembly  numbers.  The  tail  blades 
are  numbered  1,2,3  and  4  on  their  after  edges, 
the  rudders  on  their  forward  edges  and  the  out¬ 
board  bearings  on  their  after  ends.  It  is  im¬ 
portant  that  these  numbers  are  assembled  to 
match.  then  assembled,  the  clearances  between 
the  bearing  shoulders  of  the  rudder  spindles 
and  the  outboard  bearings  should  be  ?018 . . 

(f)  Clean,  inspect ,  oil  (B)  and  replace  tall 
bearing  in  tall  cone.  Secure  with  screws, 
setting  up  tight . 

(2)  Assemble  forward  propeller  sleeve: 

(a)  Clean  and  Inspect  forward  propeller  sleeve, 

key*  and  key ways . 

( b)  Replace  grease  packing  ring  in  forward  pro¬ 

peller  sleeve  secure  with  keep  screws  and 
"ire . 

NOTE.'Tapered  side  of  grease  Packing  ring  is 
is  assembled  in  the  forward  position. 

( c)  Grease  (0)  and  replace  forward  propeller 

sleeve  on  propeller  shaft . 

NOTE:  Assemble  bench  marks  (0),  0  to  0. 

(d)  Clean,  oil  (D)  and  replace  four  (4)  holding 

clips  for  forward  propeller  sleeve . 

NOTE:  Before  inserting  clips,  it  will  be  neces¬ 
sary  to  turn  propeller  shaft  in  line  with  re¬ 
cess  in  bulkhead. 

(e)  Replace  screws  in  holding  clips  and  wire; 

try  to  pull  sleeve  off  as  a  check  to  see 
that  pins  are  properly  seated  in  the  holes 
in  the  shaft . . . 

(3)  Replace  tall  on  afterbody: 

*(a)  If  previously  removed,  replace  spider  sup¬ 
porting  straps  with  their  reinforced  pieces 
on  forward  ends  of  tall  blades, with  numbers 
corresponding  and  secure  with  holding  screws.. 
(b)  Note  that  tapped  holes  for  Joint  screws  in 
after  bulkhead  are  clean  and  free  of  burrs. 

If  necessary , tap  out  hole,  use  1/4  x  20  tap.. 
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( c )  Replace  tail  on  afterbody  and  secure  with 

sixteen  (16)  Joint  screws . • . 

( d)  Connect  rudder  connections  to  rudder  rod. 
eyes  and  replace  washers  and  drain  plugs  in 

tail  cone . 

(4)  Assemble  forward  propeller: 

(a)  Clean,  Inspect,  oil  (B)  and  replace  two  (2) 
keys  for  forward  propeller  hub  in  forward 

propeller  sleeve . 

tbJ  Replace  hub  for  forward  propeller  on  pro¬ 
peller  sleeve.  It  may  be  necessary  to  tap 

hub  on  tight  with  lead  hammer . 

( c)  Replace  forward  propeller  on  propeller  hub . 

(  d)  Replace  nut  for  forward  propeller.  Set  up 
on  nut  until  screw  holes  for  lock  screws 
are  in  line . 

(e)  Replace  two  (2)  lock  screws  in  nut  for  for¬ 
ward  propeller . 

(5)  Assemble  after  propeller: 

(a)  Clean  and  Inspect  keys  and  keyways  for  after 

propeller  sleeve- . 

(b)  Clean  and  Inspect  for  burrs  and  scored  sur¬ 
faces  four  (4)  bushings  for  after  propeller 
sleeve.  If  necessary,  remove  burrs  with 
bearing  scraper  and  stone  smooth  with  oil 
stone.  Note  that  all  oil  holes  and  oil 
grooves  are  clean.  Grease  (G)  and  replace 

four  (4)  bushings  on  after  propeller  sleeve . 

(c)  Orease  (0)  and  replace  after  propeller 

sleeve  on  shaft . 

(d)  Oil  (B)  and  replace  after  propeller  sleeve 

holding  nut . 

(e)  Oil  (3)  and  replace  after  propeller  sleeve 

hub . 

(f)  Replace  after  propeller  on  hub . . 

( g)  Clean,  inspect,  oil  (B)  and  replace  nut  for 
after  propeller.  Set  up  on  nut  until  screw 

holes  for  keep  screws  are  in  alignment . 

( h)  Replace  two  (2)  keep  screws  in  nut  for 

after  propeller.  Set  up  tight..* . 

J.  TEST  ASSEMBLED  AFTERBODY  IN  ADJUSTING  STAND 

(1)  Sling  afterbody  assembly  (bail  sling  is  fur¬ 
nished  xith  f.  £.  equipment)  and  place  on  after¬ 
body  adjusting  stand . . 
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(2)  Check  afterbody  for  leaks: 

(a)  Blank  off  the  following  pipes: 

Reduced  air  to  air  check  valve . < 

Check  valve  to  fuel  spray . 

Check  valve  to  water  spray . 

Vent  pipe  on  bulkhead . ; . . 

(  b  ) Connect  nipple  and  H-P.  air  line  to  main 
air  pipe  from  stop  valve  to  valve  group.. 
( c)  W  i  th  starting  gear  index  off  zero  throw 
starting  lever  to  the  rear  and  crack  valve 
on  main  air  line  to  test  for  leaks  around 
Joints  of  flanges  and  bulkhead  Joint . 

NOTE:  The  above  test  is  a  check  on  afterbody 
leak  test  previously  described  in  step  G- 

(3)  Test  starting  gear  for  leaks: 

(a)  Turn  starting  index  to  seat  valve  in  start¬ 
ing  gear . 

( b )  Remove  blank  on  either  fuel  or  water  spray 

pipe,  loosen  pipe  and  turn  end  down,  place 
a  cup  of  water  over  end  of  pipe  and  note  if 
any  air  bubbles  appear;  if  so,  there  must  be 
a  leak  around  starting  gear  pipe  connections 
or  the  valve  in  starting  gear;  locate  and 
repair . 

(4)  Test  gyro  Impulse  valve: 

(a)  Disconnect  and  remove  pipe  from  valve  group 

to  bulkhead  (gyro  spin)  and  connect  with 
test  pipe  to  H.P.  air  line . 

(b)  Turn  on  H.P.  air  and  test  for  leaks  In  gyro 

spin  and  impulse  valve;  if  air  escapes 
through  end  of  pipe  to  fuel  or  water  spray, 
there  must  be  a  leak  in  the  line,  in  which 
case  locate  same  and  remedy . 

(c)  Reconnect  pipe  from  valve  group  to  bulkhead 

(gyro  spin)  and  H.P.  test  pipe  from  stop 
valve  to  valve  group . 

(5)  Check  depth  (horizontal)  rudder  throws: 

i fa)  Remove  hand  hole  plates . 

(b)  Move  horizontal  rudder  up  and  down  by  hand, 
read  throw  each  way  -  it  should  be  1  up  and 
2  down  for  Mk.  13  torpedoes  and  1  up  and  4 
down  for  Mark  13  modification  torpedoes. 
Both  rudders  should  line  up;  if  the  com¬ 
bined  throws  do  not  give  a  total  of  as 
above,  check  the  following  places  for 
trouble: 
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Fork  for  steering  rod  not  screwed  all  the 

way  up  on  depth  engine  piston  rod . 

Gland  for  steering  rod  through  after  bulk¬ 
head  not  screwed  all  the  way  in  on  packing 
Rudder  connection  on  yoke  too  lon&ln  which 

c  as  e  read J  us  teen  t  Bust  be  made . 

•(c)  If  rudder  throw  is  out  remove  drain  plugs 
in  tall  cone,  loosen  clasp  screws  and  adjust 
rudder  connections  to  give  the  desired 
throws,  with  correct  throws  obtained,  cl ma p 
adjustment  and  replace  drain  plugs  and 


»  as  hers .  13-14 

(6)  Check  depth  ( honuontal )  rudder  throws  with  air; 

(a)  Remove  air  strainer  plug  and  replace  with  372A 

adapter  tool,  connect  low  pressure  (450  lbs)  223 

air  line  to  nipple  on  adapter  tool  with 

transportation  screw  in  place . . . 

(  b)  T  urn  on  air . 

(c)  Note  that  centerline  on  depth  engine  valve 


stem  lines  up  with  mark  on  valve  stop . . 

(d)  Note  that  rudders  In  tall  read  neutral  throw 

which  should  be  1/2  down  for  Mk.i3  torpedoes 
and  1-1/2  down  for  Mk.13  modification  tor¬ 
pedoes  . 

(e)  Any  deviation  from  the  above  will  require 

readjustment.  See  step  J  (fi)  (e) . 

(f)  Remove  transportation  pin .  49 

( g )  Swing  pendulum  full  travel  forward  and  backj 
rudde rs  should  show  1  up  and  2  down  for 
Mark  13  torpedoes,  and  1  up  and  4  down  for 

Mark  13  modification  torpedoes . 


(7)  Check  depth  index  setting: 

(a)  Level  afterbody..* .  WE4 

(b)  Remove  access  hole  plug .  11 

(c)  Install  18  lb. weight  In  diaphragm  nut .  4HC.411B 


HOTR:  For  Mk. 13-1  torpedoes,  rtg.no.  14543-14614, 
s  10  lb.  test  weight  is  used. 

(d)  With  air  on,  turn  depth  Index  spindle  until 
centerline  on  depth  engine  valve  Is  In  line 

with  mark  on  depth  engine  valve  stop .  13SA 

ft)  With  spindle  socket  lifting  tool,  hold  spin¬ 
dle  disengaged  and  turn  depth  Index  to  read 
10  feet,  remove  lifting  tool  and  turn  depth 

Index  slightly  to  engage  square  on  spindle  135A,472A 

socket  with  square  hole  In  adjusting  socket . 

( f )  Turn  Index  to  zero  and  back  again  to  10  ft. 

The  valve  center  line  should  again  line  up 
with  line  on  valve  stop;  If  not,  readjust 
until  obtained . 

(8)  Check  pendulum  and  valve  movement: 

(a)  L«vel  afterbody .  WE4 
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(b)  Adjust  pointer,  attached  to  cradle,  to  the 

zero  graduation  on  Indicator  scale  on  carri¬ 
age  of  adjusting  stand . 

(c)  With  air  on,  tilt  stand  2-1/2  degrees  up  and 

down . • . . . -  . 

( d )  Note  that  pendulum  and  valve  move  smoothly . 

ft)  Note  that  full  rudder  throw  Is  obtained  at 

maximum  inclination  of  2-1/2  degrees  each 

■®y  . 

(f)  Note  that  rudders  move  up  and  down  without 

■  Jerk . 

(g)  Note  that  pendulum  starts  to  move  during 

first  i/2  degree  movement  of  stand  in  either 
direction . 

(9)  Check  vertical  rudder  throws; 

(a)  Remove  gyro  clamp  plate  cover  and  washer .  13-14 

f b )  Turn  propeller  until  pallet  is  in  extreme 

after  position . . . 

(e)  With  air  on,  move  steering  engine  valve  and 

read  rudders  each  way;  this  should  be  18 
each  way  for  upper  and  13  each  way  for  low¬ 


er  for  Mk.  13  torpedoes  and  33  each  way  for 
upper  and  24  «*ch  way  for  lower  for  Mk.  13 

modification  torpedoes;  equalize  throw  by  44 

rudder  rod  adjustment  in  tall .  13-14 

(10)  Inspect  gyro  for  cleanliness  and  oil  (a) . 

(11)  Try  gyro  locking  gear  for  functioning .  205* 

(12)  Check  vertical  rudder  throws  with  air: 

la)  install  gyro  and  bottom  head .  246* 


fb)  With  air  on  line  through  strainer,  turn  pro¬ 
pellers  by  hand,  also  turning  gyro  back  and 
forth  by  hand  and  note  if  any  binding  occurs 
when  pallet  is  nearest  to  cam  and  concen¬ 
tric  ridges  of  cam  plate . 

(c)  Note  rudder  throws  again,  which  should  be 


the  same  as  taken  in  step  (9)  (c)  above .  44 

(d)  Lock  gyro,  unlock  again  by  hand  trip  to  try 
functioning  of  locking  gear  with  gyro  in¬ 
stalled .  205* 

It)  Check  -0"  mark  in  pot . 

Lock  gyro .  205* 

(g)  Replace  gasket  and  clamp  piate  cover .  13-1* 

(h)  Remove  test  connection  from  air  strainer 
and  replace  air  strainer,  and  plug  with 

washer .  223.372A 


(13)  Check  gyro  and  gyro  mechanism; 

(a)  Clamp  afterbody  adjusting  stand  with  azi¬ 
muth  pointer  on  "0" . . . 
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VOTE:  Caution  personnel  not  to  approach  close 
to  tail  during  test. 


(b)  Remove  propeller  lock . 

( c)  Turn  dial  on  starting  gear  off  zero  to  6eat 

valve . . . 

( d)  Open  air  line  valve  (vide  open) . 

( e )  Throw  back  starting  lever  spinning  gyro  , 

regulate  air  line  valve  to  about  700  lbs. 
pressure . . 

(f)  Loosen  clamp  on  adjusting  stand  and  move 

stand  each  way  In  azimuth,  gyro  rudders 
should  operate  Inside  of  1/5  of  1°  on  each 
side  on  center  if  gyro  and  mechanism  are 
properly  adjusted . 

( g)  Close  air  line  valve  and  replace  propeller 

lock . 

(h)  Remove  gyro  clamp  plate,  bottom  head  and 

gyro . 

(i)  Replace  gyro  clamp  plate  with  gasket . 


227A 


246A, 13-14 


(14)  Give  a  final  Inspection  Inside  of  afterbody, 
seeing  that  piston  fork  pin  links  are  properly 
secured, etc. ,  and  that  no  tools  are  left  Inside 

(15)  Replace  hand  hole  plates  with  good  gaskets  and 


secure  with  nuts .  200,48 

(16)  Insert  transportation  pin .  49 

(17)  Remove  blanks  and  air  fittings  from  pipes .  141A.144 


Afterbody  is  now  ready  for  assembly  on  air  flask. 
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ASSEMBLY  OF  AFTERBODY  aHD  EXERCISE  HEAP 
OH  AIR  FLASK 

A.  JOIN  AFTERBODY  TO  AIR  FLASK 

(1)  Install  bail  sling  and  hoist  afterbody  up  about 

2"  above  air  flask  Joint . 

(2)  Join  afterbody  to  flask  holding  tail  higher  and 
slightly  to  the  right.  With  pipe  connections 
lined  up,  lower  chain  fall  and  push  afterbody 

in  place  on  air  flask  Joint . 

(3)  Secure  with  afterbody  Joint  screws,  inserting 

top  screws  first  and  tightening  screws  even 
around  Joint . 

NOTE:  After  a  major  overhaul,  or  where  it  has 
been  necessary  to  straighten  out  dents  in  after¬ 
body  or  midships  section,  it  is  desirable  to 
check  alignment  of  afterbody  with  air  flask,  in 
which  case  proceed  as  outlin'd  in  step  A  (4)- 
*(4)  Locate  blocks  with  rolls  ( furnished  tenders  and 
bases  as  workshop  equipment)  on  deck  In  wake  of 
hoisting  gear: 

(a)  Place  torpedo  with  afterbody  assembled  on 

block  with  rolls . . 

(b)  Place  12"  x  12"  surface  plate  (furnished 

tenders  and  bases  as  workshop  equipment) 
directly  under  tall  to  furnish  a  plane  and 
rigid  foundation  for  dial  indicator  base. 
Level  surface  plate . 

(c)  With  dial  indicator  placed  on  surface  plate 

obtain  successive  readings  on  each  outer 
surface  of  outer  bearings  of  vertical  and 
horizontal  rudders,  turning  torpedo  and 
leveling  each  blade  in  succession  before* 
obtaining  the  indicator  reading.  A  maximum 
tolerance  of  ?015  is  allowed  on  the  four 
readings . 

(5)  Connect  pipes  in  midship  section  in  the  follow¬ 
ing  order: 

(a)  Air  pipe  to  air  check  valves . 

(b)  Main  air  pipe  to  stop  and  charging  valve . 

( c)  Fuel  pipe  to  fuel  check  valve . 

(d)  Water  pipe  to  water  check  valve . 

(e)  Vent  pipe  to  vent  fitting . 


IQQL.NQ* 


386 


WE4 


WE10 


229 
134  A 
141 A 
144 
141 A 


(6)  Remove  and  observe  condition  of  blow  valve  and 
its  washers ; renew  or  anneal  washer  if  necessary 


49,40 
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(7)  Charge  air  flaak  to  1000  lb* . . 

faj  Remove  fuel  and  water  filling  plugs  when 

charging . 

lb)  place  a  cigarette  paper  soaked  In  oil  over 
water  filling  plug  hole  and  note  If  any  air 
leaks  Into  water  compartment  while  charging. 

( c )  Try  holding  screws  for  stop  and  charging 
valve  body,  air  check  valve  body  and  delivery 
check  valve  body  for  tightness  during  charg- 

(8)  Test  air  connections  In  midship  section  for  leaks; 

(a)  Secure  propeller  lock  In  place . 

(b)  Turn  dial  on  Index  spindle  off  sero,  andllft 

starting  latch . 

(e)  Crack  stop  valve,  squirt  oil  (c)  around  air 
connection  In  midship  section,  and  with  a 
lighted  taper,  note  If  oil  bubbles  appear 
around  Joints  or  If  the  lighted  taper  flick¬ 
ers  indicating  leaks . 

( d )  Turn  Index  spindle  to  seat  starting  valve, 
open  stop  valve  w-ide  and  proceed  to  test  H.p. 
connections  In  midship  section  as  In  step 

8(c)  above . 

ft)  Blank  off  end  of  air  pipe  from  blow  valve 
to  exercise  head,  open  air  blow  valve  and 

proceed  to  test  as  In  step  8(e)  ebove . 

if)  It  will  be  necessary  to  remedy  any  leaks 
which  may  be  discovered  by  tests  given  in 
steps  8 (c)  ,8  (d)  ,8  (•)  above  before  proceed¬ 
ing  further. . 

(9)  Charge  flask  to  2800  lbs.  and  again  go  over  high 

pressure  air  connections  In  midship  section. 
Testing  valves  and  connection  for  leaks  as  In 
step  8(c)  above . 

The  above  completes  assembly  of  afterbody  to  air  flask. 

B.  JOIN  EXERCISE  HBAD  TO  AIR  PLASK 

(1)  Sling  and  hoist  exercise  head  to  level  of  air 

flask . 

(2)  Connect  air  pipe  from  blow  valve  to  nipple  In 

exercise  head.... . 

(3)  Connect  air  pipe  in  head  to  nipple  on  air  re¬ 
leasing  mechanism  clear  of  pocket . 

(4)  Open  air  flaak  blow  valve  and  note  that  valve  Is 

seated  on  its  outboard  seat . 


MOTE:  Tk «  Mark  exercise head  uses  the  Mark a 
air  re  l easing  mechanism  that  Aa*  to  be  cocked 
by  kanduitk  tool  number  44l.  Careskould  be  taken 
Jien  lifting  the  cocking  tool  not  to  apply  side 
force,  k hick  Has  a  tendency  to  bmdtke  valve  stem. 


(5)  Note  If  air  connection  In  head  is  leaking.  In 

which  cade  It  will  be  necessary  to  repair  before 
proceeding  with  assembly . 

(6)  Wipe  air  flask  and  head  Joint  with  oil  (D)  end 
Join  head  to  flask  securing  with  Joint  screws 

(8)  install  air  releasing  mechanism . 


IQQL.NQ. 

217, 7H 

40 

227A 

71.227A 

227*, 7tt 

49.141A 

13-14 

227A.71 


141A 

141A 

49 


49 

48 
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(8)  The  above  completes  the  assembly  of  torpedo 

ready  for  preliminary  and  final  adjustment . 

(9)  If  torpedo  is  to  be  placed  in  stowage  the 
following  is  necessary: 

(a)  Close  air  flask  blow  valve .  49 

(b)  Remove  exercise  head  ( See  steps  B(l)  to  7) .  Ill  A, 49 

( c)  Open  air  flask  blow  valve  and  bleed  flask 

to  300  lbs .  49 


C.  SHIPMENT  OF  TORPEDOES 

(1)  When  issued  from  a  torpedo  station  the  1  re¬ 

placement  screw  will  be  found  in  a  bag  or  a  tin 
box  attached  to  the  tail  of  each  torpedo . 

(2)  If  boxed  the  air  flask  and  afterbody  will  not  be 

disassembled  and  step  (1)  applies . 

(3)  The  joint  screws  for  exercise  or  war  head  will 

be  found  in  a  bag  attached  to  the  head . 
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NAVY  DEPARTMENT 


BUREAU  OF  ORDNANCE 
Washington,  D.C. 

S75(Mk.XIII) 

(012)  October  31,  1940 

CIRCULAR  LETTER  NO.  T-145 


From: 

To: 


Subject: 


The  Chief  of  the  Bureau  of  Ordnance. 

All  vessels  carrying  torpedoes,  destroyer 
and  submarine  bases  'an<J  tenders,  torpedo 
9tetions,  Battle  Force  Torpedo  School, 

San  Diego,  Calif.;  Navy  Yards;  Torpedo 
School,  Naval  Torpedo  Station,  Newport, 
R.I.;  Submarine  School,  Submarine  Base, 
New  London,  Conn.;  Naval  Mine  Depot, 

York town ,  Va.;  and  the  Naval  Gun  Factory. 

Mark  XI 1L  and  Mods.  Torpedoes  -  Depth  9 
Setting  Spindle  Gear  and  Change  in  test 
weight. 


1.  The  following  described  condition  has  been 
found  to  exist  in  the  depth  setting  spindle  gear  of  tor¬ 
pedoes  Mark  XIII  and  Mods.: 

(a)  When  the  depth  is  set  below  rO":  Gear, 

Dr.  No.  173749-1  rises,  pressing  against  washer, 
Dr.  No.  99708-12;  idler,  Dr.  No.  99708-11,  tends 
to  rise.  Washer,  Dri  No.  173749-2  should  prevent 
idler  from  rising,  but  is  so  thin* that  washer,  Dr. 
No.  173749-2  is  bent  and  subsequently  damaged  by 
the  teeth  of  spindle  gear,  Dr.  No.  99708-10. 

(b)  This  results  in  general  Jamming  and  malposi- 
tioning  of  gear,  Dr.  No.  173749-1  which  changes 
spring  tension. 

2.  This  condition  exists  only  in  torpedoes  Mark 
XIII  and  Mods. 


S75(Mk  XIII) 
(G12) 
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3.  Pending  modification  of  the  design  of  the 
spindle  gear,  Dr.  No.  99708-10,  S.F.7113,  to  eliminate 
cases  of  such  damage,  care  must  be  exercised  to  prevent 
setting  the  depth  below  zero. 

i*.  The  use  of  a  sixteen  pound  test  weight  for 
testing  the  depth  mechanism  of  the  .vark  XIII  tfod.  1  torpedo 
in  place  of  a  ten  pound  weight  has  been  found  to  give  better 
depth  performance. 

5.  The  Bureau  has  therefore  requested  the  Naval 
Torpedo  Station.  Newport,  to  provide  the  necessary  16  pound 
test  weight  as  a  replacement  for  the  10  pound  test  weight 
and  to  correct  instruction  pamphlets  accordingly. 


EIW 


V.  R.  FURLONG 
/s/  G.B.  Davis 
Acting 
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S75-K21-)  (Mn-4n) 


NAVY  DEPARTMENT 
BUREAU  CF  ORDNANCE 
WASHINGTON, D.C. 


10  June  1941 


CIRCULAR  LETTER  NO.  T-150 


From:  The  Chief  of  the  Bureau  of  Ordnance. 

To:  All  vessels  carrying  torpedoes, 

destroyer  and  submarine  bases  and 
tenders,  torpedo  stations;  Bottle 
Force  Torpedo  School,  Sen  Diego, 

Calif;  Navy  Yards;  Torpedo  School, 
Naval  Torpedo  Station,  Newport,  R.I.; 
Submarine  School,  Submarine  Base,  New 
London,  Conn.;  and  the  Naval  Gun 
Factory. 

Subject:  Immersion  Gear,  Torpedoes  Mark  VII-4B, 

XIII  and  XIII-1  -  Defect  in. 


1.  The  following  condition  which  exists  in 

the  immersion  gear  of  some  Mark  VII-AB,  XIII  and  XIII-1 
torpedoes  has  recently  come  to  the  attention  of  this 
Bureau: 


In  certain  torpedoes,  the  dimension  in 
the  spring  chamber  of  the  immersion  gear  casing 
between  the  upper  extremity  of  the  guide  slots 
and  the  top  of  the  chamber  exceeds  the  height  of 
the  spring  guide.  This  condition  results  either 
from  an  adverse  combination  of  tolerances  or 
from  actual  deviations  from  drawing  dimensions. 

When  a  depth  at  or  near  the  maximum  is  set  on 
such  a  torpedo,  the  spring  guide  rise3  above  its 
guide  slots  and  rotates  out  of  alignment  with 
them.  Subsequent  reduction  of  the  depth  setting 
is  then  impossible,  and  an  attempt  to  make  a  re¬ 
duced  depth  setting  may  result  in  damage  to  im¬ 
mersion  gear  parts.  In  Hark  VII -4B  torpedoes, 
the  drawing  numbers  of  the  immersion  gear  casing 
and  of  the  spring  guide  are  225514-1  and  173749-3 
respectively.  In  Mark  XIII  and  XIII-1  torpedoes 
these  numbers  are  173750-1  end  173749-3  respective¬ 
ly. 


-  220  - 


S75-l(21) (Mn-4n) 


C/L  T-150 


2.  The  existence  of  these  unfavorable  con¬ 
ditions  con  be  determined  only  by  examination  of  individ¬ 
ual  immersion  gears.  If  the  spring  guide  can  rise  out 

of  engagement  with  its  guide  slots  at  any  depth  setting, 
special  precautions  or  corrective  action  are  necessary 
to  prevent  the  misalignment  mentioned  in  paragraph  (1). 
Pending  modification  of  parts  in  torpedoes  having  such 
conditions,  no  depth  setting  sufficiently  great  to  pro¬ 
duce  disengagement  should  be  made  on  those  torpedoes. 

3.  The  Naval  Torpedo  Station,  Newport, 

Rhode  Island,  will  issue  a  conversion  list  for  the  mod¬ 
ification  of  this  mechanism  by  the  forces  afloat. 


RR 


W.H.P.  BLANDY 
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S75-l(85/81) (Mn-4d) 


NAVY  DEPARTMENT 
BUREAU  OF  ORDNANCE 
WASHINGTON, D.C. 


August  14,  1941 


CIRCULAR  LETTER  NO.  T-155 


From: 

To: 


Subject : 


The  Chief  of  the  Bureau  of  Ordnance 
All  vessels  carrying  Mark  XIII  and  Mark 
XIII-1  torpedoes,  destroyer  and  submarine 
bases  and  tenders,  torpedo  stations: 

Battle  Force  Torpedo  School,  San  Diego, 
California;  navy  yards:  naval  ammunition 
depots;  Torpedo  School,  Naval  Torpedo 
Station,  Newport,  Rhode  Island;  Submarine 
School,  Submarine  Base,  New  London,  Conn.; 
Naval  Mine  Depot,  Yorktown,  Virginia,  and 
the  Naval  Gun  Factory. 

Mark  XIII  and  Mark  XIII-1  Torpedoes, 
Instructions  for  Rendering  Governor 
Cut-off  Inoperative;  Precautions  in 
Handling  with  Governor  Cut-off 
Inoperative;  Additional  Safety  Pre¬ 
cautions  for 


Reference:  (a)  BuOrd  conf.  dispatch  152230  of 

July  15,  1941 

1.  Broaching  of  Mark  XIII  and  Mark  XIII-1 

torpedoes  dropped  from  aircraft  has  resulted  in  the 
cutting  of  the  governor  link  with  loss  of  the  torpedo 
due  to  negative  buoyancy.  Reference  (a)  directed  that 
the  governor  be  rendered  inoperative  and  removed  prior 
to  any  further  launchings  from  aircraft.  The  specific 
steps  necessary  to  accomplish  this  are  listed  herewith: 


( a )  Remove : 


Name 


Tripping  lever  spring 
Stud  for  tripping  lever  spring 
Pin  for  connecting  arm 
Spacer  for  connecting  arm  pin 

( b )  Remove : 


Drawing  No. 

44318-8 

44318-6 

173670-4 

173670-5 


Clamp  screw 


44318-24 
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(c)  Remove  as  a  unit: 
Name 


Adjusting  block 
Pin  for  governor  link 
Split  Pins  (2) 

Governor  Link 

Pin  for  connecting  link 

Connecting  link 

(d)  Remove: 


Drawing  No 

17367C-6 

44318-27 

44318-34 

44313-28 

173671-1 

173671-2 


Journal  cep  screws  (4) 

95466-5 

Journal  caps  (2) 

95466-2 

(e)  Remove  as  a  unit: 

Connecting  rod 

173670-1 

Shaft  coupling 

173670-3 

Pin  for  shaft  coupling 

46196-23 

Split  pin  for  shaft  coupling  pin 

46196-26 

Governor  shaft 

173669-3 

Split  pin  for  governor  shaft 

63781-1 

Governor  spring  case 

46195-1 

Governor  casing 

46195-2 

Governor  cosing  head 

79820-2 

Key  for  governor  shaft 

46195-7 

Pin  for  governor  shaft 

46195-8 

Pin  for  governor  spring  casing 

46195-4 

Governor  spring 

46195-11 

Washer  for' governor  spring 

46195-31 

Governor  spring  thimble 

79320-5 

Governor  weight  arms 

79320-3 

Link  cutters 

79820-6 

Pins  for  cutters 

46195-10 

( f )  Remove : 

Gear  for  driving  distance 

mechanism 

79103-2 

Screw  for  gear 

78050-2 

(g)  Leave: 

Stop  pin  for  tripping  lever 

173670-2 

Tripping  lever 

173672-3 

S75-l( 85/31)  (Kn-4di 
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2.  Shipment  of  the  parts  removed  from  subject 
torpedoes  will  be  made  to  either  the  Naval  Torpedo  Station, 
Newport,  or  Keyport,  whichever  is  the  nearer. 

3.  Until  the  Naval  Torpedo  Station,  Newport, 
prepares  a  change  to  O.P.  629  the  procedure  on  pages  81  and 
84  of  that  pamphlet  should  be  corrected  to  read’ as  follows: 

6.  Put  on  wire  propeller  lock  and  standard 
propeller  lock. 

60.  Open  stop  velve  wide.  (NOTE:  This  step 
applies  only  to  planes  where  installation 
is  such  thet  stop  valve  is  not  accessible 
with  torpedo  in  position  on  plane).  For 
all  other  types  of  plane  see  step  66. 

61.  Hoist  torpedo  to  rack. 

62.  Insure  torpedo  is  properly  positioned  in 
the  rack  and  the  rack  Is  properly  cocked. 

63.  Lock  the  reck  or  provide  safety  strap  so 
that  torpedo  cannot  be  accidentally  re¬ 
leased  (On  PBY's  a  safety  strap  is  used. 

On  TDD  s  a  safety  pin  is  used  to  look  the 
rack  ) 

64.  Install  tripping  lanyard  end  starting 
toggle  (NOTE:  Starting  spindle  arm 
must  be  left  in  down  position  (flush  with 
starting  gear  body)  end  starting  toggle 
inserted  by  reuoving  pin  (206254-5)  from 
bracket  20625<*-2.  When  replaced,  pin 
should  be  secured  by  cotter  pin. 

65.  Install  igniter. 

66.  Open  stop  valve  wide  (if  not  done,  as 
step  60) 

67f  Connect  igniter. 

68.  Remove  standard  propeller  lock. 

69.  At  the  last  practical  moment  remove  safety 
strap  or  safety  pin. 


4.  The  starting  gear  should  be  tested  with  full 

flask  pressure  instead  of  a  reduced  charge,  valves  having 


S75-l(85/81) (Hn-4d) 


C/L  T-155 


been  found  to  function  satisfactorily  under  the  reduced 
charge  but  not  under  the  full.  If  in  tripping  the  start¬ 
ing  lever  the  cam  toggle  operates  satisfactorily  use  the 
same  toggle  when  launching  from  the  aircraft. 

5.  Exercise  heads  should  be  given  a  two  pound  in¬ 
ternal  hydrostatic  test,  the  pressure  being  applied  through 
the  drain  valve. 

6.  Until  the  stronger  propellers  and  upper  guide 
vane  braces  are  received  from  the  Naval  Torpedo  Station, 
Newport,  the  limitation  on  the  altitude  from  which  drops  may 
be  made  is  seventy-five  (75)  feet. 


HC 


/s/  W.H.P.  BLANDY 
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NAVY  DEPARTMENT 
BUREAU  OP  ORDNANCE 
WASHINGTON (D.C . 


January  19,  1942 


CIRCULAR  LETTER  NO.  T-162 


From: 

To: 


Subject : 


Ref erenoe : 


The  Chief  of  the  Bureau  of  Ordnance 
All  destroyer,  submarine  and  PT  boat 
tenders  and  bases,  all  naval  air 
stations  with  torpedo  workshop  equip¬ 
ment;  all  cruisers,  aircraft  carriers 
and  tenders  with  torpedo  workshop 
equipment,  all  torpedo  stations  and 
torpedo  overhaul  activities. 

Exhaust  Valve  Springs  for  Mark  11,  12, 

13,  14,  15  and  Mods.  Torpedoes 
Drawing  63878  4  SP8741. 

(a)  NTS,  Newport,  ltr.  S75  1(12912) (F  RS) 
of  Nov  .  6,  1941. 


1.  A  review  of  the  history  of  the  design  of  subject 

springs  shows  that  they  were  originally  designed  in  1920  of 
drawn  spring  steel:  in  1927  the  material  was  changed  to  stain¬ 
less  steel  wire;  in  1931  the  material  was  changed  to  corrosion 
resisting  steel.  In  July  1939,  the  material  was  changed  to 
"Inconel",  O.S.  651:  in  February  1941,  the  material  was  changed 
to  (47  N-l )  "Inconel".  Broken  springs  received  at  Naval 
Torpedo  Station,  Newport,  for  examination  and  test  have  proved 
to  be  the  stainless  steel  type.  No  oases  of  broken  "Inconel" 
springs  have  been  reported. 


2.  All  exhaust  valve  springs  except  the  "Inconel" 

may  be  attracted  by  a  magnet;  this  test  should  be  made  on 
all  springs  installed  and  in  stock.  Springs  found  to  be 
magnetic  should  be  replaced  by  the  "Inconel  "  type.  Another 
test  consists  in  touching  the  end  of  the  spring  against  a 
fine  grained  high  speed  grinding  wheel  and  observing  the 
sparks;  a  short  orange  red  sperk,  free  from  yellow  bursts, 
indicates  "Inconel",  while  an  abundant  spark,  vellow  white 
in  color  and  containing  a  number  of  bright  carbon  bursts  or 
stars,  is  characteristic  of  the  obsolete  CRS. 


/s/  W.  H.  P.  BLANDY 
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NAVY  D3PARTTENT 
BUREAU  OF  ORDNANCE 
S75-l(85)(Mn3a)  WASHINGTON,  D.C. 


January  30,  1942 


CIRCULAR  LETTER  NO.  T-165 

From:  The  Chief  of  the  Bureau  of  Ordnance 

To:  All  vessels  carrying  aircraft  torpedoes; 

destroyer,  submarine,  and  aircraft  ten¬ 
ders;  air  stations,  destroyer  and  sub¬ 
marine  bases,  and  mine  depots  servicing 
aircraft  torpedoes;  torpedo  stations  and 
schools;  division,  squadron,  flotilla, 
force,  type,  and  fleet  commanders. 


Subject: 


Reference : 


Aircraft  Torpedoes  -  Mark  13  Type  Depths 
of  Initial  Dive  that  may  be  expected  when 
using  biplane  stabilizers. 

(a)  BuOrd  ltr.  A5-2(2926)  (Mn3o)  of 
December  9,  1941. 

(b)  BuOrd  ltr.  S75-l(85/251> (Nn-4n) 
of  May  1,  1941. 


1.  With  reference  (b),  instructions  were 

forwarded  to  certain  units  in  the  Naval  Service  regarding 
the  use  of  biplane  stabilizers  on  Mark  13  type  aircraft 
torpedoes  when  they  are  to  be  dropped  from  PBY-3i  FBY-4. 
PBY-5.  PBY-5A,  PB2Y-1,  and  PBM-1  planes;  reference  (a) 
forwarded  instructions  for  their  use  with  TBD-1  plenes. 

The  Bureau  has  adopted  the  biplane  stabilizer  as  being 
the  simplest  and  most  effective  device  for  insuring  that 
the  axis  of  the  torpedo  remains  tangent  to  its  trajectory 
from  the  time  it  is  released  by  the  plane  until  it  strikes 
the  water. 


2.  It  is  particularly  to  be  noted  that  these 

stabilizers  are  useable  only  with  the  Mark  13  type  torpedo 
and  from  the  planes  indicated  in  paragraph  1.  For  any  other 
adaptation  it  will  be  necessary  to  conduct  tests  to  determine 
the  suitability  of  these  particular  attachments.  The  Bureau's 
instructions  should  be  obtained  before  such  tests  are  made. 
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3.  As  8  result  of  about  200  drops  of  Mark  13 

Mod.  1  torpedoes  fitted  with  biplane  stabilizers,  conducted 
at  plane  speeds  of  120  knots  with  height  of  drop  of  80-120 
feet,  the  depth  of  the  initial  dive  niay  be  expected  to  con¬ 
form  to  the  following  table.  It  was  the  experience  of  the 
Naval  Torpedo  Station,  Newport,  that  the  depth  of  this 
initial  dive  was  independent  of  the  actual  depth  setting  on 
the  torpedo.  The  exploder  mechanism  will  have  armed  after 
a  torpedo  run  of  approximately  300  yards. 


DEPTH  OF  INITIAL 

P AU a  AUfi  Of 

utiuro 

KAKK  T MITT  AT. 

DIVE  TO 

10  feet 

or 

less 

12 

20  feet 

or 

less 

30  5 

30  feet 

or 

less 

49 

40  feet 

or 

less 

73 

50  feet 

or 

less 

89 

60  feet 

or 

less 

94 

70  feet 

or 

less 

98 

80  feet 

or 

less 

98  5 

90  feet 

or 

less 

ig  5 

100  feet 

or 

less 

4.  Reference  la)  and  the  enclosures  thereto, 
consisting  of  instruction  sheets  and  Ordnance  Sketches 
96468  and  96469,  give  the  procedure  for  the  use  of  biplane 
stabilizers  on  Mark  13  type  torpedoes  when  dropped  from 
TBD-1  planes.  Keferenoe  lb)  and  its  enclosures  consisting 
of  instruction  sheets  and  urdnanoe  sketches  96037,  96060, 
96063,  and  96079  give  the  procedure  for  the  use  of  biplane 
stabilizers  on  Mark  13  type  torpedoes  when  dropped  from 
FBY-3,  PBY-4,  PBY-5,  PBY-5A,  PB2Y-1,  and  PBM-1  planes. 

The  enclosures  to  reference  la)  and  lb)  have  been  distri¬ 
buted  to  airplane  carriers,  seaplane  tenders,  patrol  wing 
commanders,  and  to  the  higher  air  commands.  Activities 
desiring  these  instructions  may  obtain  them  from  the  Naval 
Torpedo  Station,  Newport. 

5.  The  information  in  paragraph  3  concerning 
depths  of  initial  dive  to  be  expected  has  been  distributed 
to  type  and  fleet  commenders  by  dispatch. 


MAA 


/s/  V.  H.  P.  BLANDY 
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NAVY  DEPARTMENT 
BUREAU  OF  ORDNANCE 

S7  5  ( Mk .  1 3 )  WASHINGTON ,D.C . 

(Mn3e) 

April  20,  1942 

CIRCUL- . .  IJCTTBR  NO.  T-173 


From: 

To: 


Subject: 
Reference : 


The  Chief  of  the  Bureau  of  Ordnance. 
All  aircraft  carriers  and  tenders; 
naval  air  stations  and  nine  depots 
servicing  aircraft  torpedoes;  torpedo 
schools  and  stations;  Chiefs  of  Army 
Ordnance  and  Air  Corps. 

Use  of  Mark  13  Mod.  1  torpedoes  in 
high  speed  torpedo  planes. 

I 

(a)  NavTorpSta . .Newport,  publication 
on  the  Mark  13  Mod.  1  Torpedo  of 
January  3,  1942, 

(b)  BuOrd  Circular  Letter  No.  T-155 
of  August  14,  1941 . 


1.  Prior  to  the  production  of  U.S.  Army 

plane  B-26,  the  fastest  torpedo-carrying  planes  in  the 
United  States  services  made  about  130  knots.  Reference 
(a)  imposed  restrictions  on  the  dropping  of  the  Mark  13 
type  torpedo  to  ground  speeds  of  132* miles  per  hour 
(115  knots)  and  altitudes  of  release  of  75  to  150  feet. 
Reference  (b)  stated  that  until  the  stronger  propellers 
and  upper  guide  vane  braces  were  received  the  limitation 
on  the  altitude  from  which  drops  could  be  made  was  75 
feet.  These  restrictions  have  now  been  removed,  end 
torpedoes  may  be  dropped  at  ground  speeds  up  to  200  knots, 
altitude  200  feet,  subject  to  the  following  conditions: 


(a)  Torpedo  to  be  Mark  13  Mod.  1  with 
stabilizer 

(b)  Torpedoes  to  have  strengthened 
nropellers  (BuOrd  Stock  Parts 
14810  and  14811) 

(c)  Radia]  braces  to  be  fitted  to 
support  the  upper  guide  vane  in 
the  same  r^anner  as  they  now  sup¬ 
port  the  other  three  guide  vanes. 

(d)  Uar  heads  to  be  used.  (Exercise 
heads  will  not  withstand  the  shock 
of  high  speed  dropping  in  excess 
of  150  knots.) 
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2.  Nark  13  Mod.  1  torpedoes  having  serial 
numbers  higher  than  19498  have  the  strengthened  propel¬ 
lers  and  the  requisite  radial  braces.  Material  is  now 
being  issued  to  the  forces  afloat  to  permit  the  looal  in¬ 
stallation  in  lower  serial  numbered  torpedoes  of  strength¬ 
ened  propellers  and  the  radial  braces. 

3.  Whereas  the  strengthened  torpedoes  can  be 
dropped  at  the  speeds  and  from  the  altitudes  mentioned  in 
paragraph  1  somewhat  better  results  may  be  expeoted  if  low¬ 
er  speeds  are  used.  The  B-26  oan  drop  torpedoes  at  a  speed 
as  low  as  160  m.p.h.  (139  knots). 

4.  At  air  speeds  in  exoess  of  270  m.p.h. 

(234  knots)  there  is  danger  of  the  exploder  arming;  this 
when  the  impeller  shaft  paoking  is  set  up  to  give  the  im¬ 
peller  test  pressure  of  12  to  20  ounces  now  prescribed. 

A  meohanioal  stop  for  the  exploder  impeller  has  been  de¬ 
signed  end  will  be  Issued  to  the  servioe  in  the  near  fu¬ 
ture.  This  will  prevent  arming  of  the  impeller  while  the 
torpedo  is  attaohed  to  the  plane  but  will  not  prevent  the 
exploder  from  armJng  onoe  the  torpedo  hec  been  released  if 
the  air  speed  is  greater  than  234  knots. 

5.  The  Mark  26  Mod.  2  exercise  head  is  the  on¬ 
ly  one  that  oan  be  used  with  torpedoes  dropped  by  the  B-26: 
this  head  oan  be  used  at  a  maximum  ground  speed  of  150 
knots.  Mark  26  and  26  Mod.  1  exercise  heads  are  too  weak 

to  be  used  on  torpedoes  dropped  by  the  B-26. 

6.  Torpedo  stabilizers  as  indicated  below  have 
been  designed  for  and  will  be  used  on  the  type  of  plane 
indicated : 


Plane 

Mark  of 
Torpedo 

BuOrd  Dwg. 
of  air  stabilizer 

Airoreft 
installation 
outline  dwg. 

PBY-3 14|5  f5A 

l*Ik.  13 

226107 

"“226696 

PB2Y-1 

PBIi-1 

B-26 

Mk.  13-1 

226103 

226097 

TBD-1 

Mk.  13 

226109 

226098 

Mk.  13-1 

226110 

226099 

/s/  V.H.P.  BLAKDY 
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NAVY  DEPARTMENT 
BUREAU  OF  ORDNANCE 
WASHINGTON,  D.  C. 


22  June  1942 

BUREAU  OF  ORDNANCE  CIRCULAR  LETTER  NO.  T  2-42 
Subjeot:  Aircraft  Torpedoes. 

Reference:  (a)  O.D.  No.  3816  entitled  "Aircraft  Torpedoes 

General  Information". 

1.  Attention  is  invited  to  reference  (a),  whioh  has 
been  prepared  by  the  Naval  Torpedo  Station,  Newport,  Rhode 
Island.  Distribution  of  reference  la)  has  been  initiated  by 
the  Bureau  of  Ordnance  for  all  aviation  activities. 


2.  The  purpose  of  reference  la)  is  to  present  a 
general  picture  of  the  aircraft  torpedo  problem  and  to  give 
all  available  information  which  has  been  collected  to  date 
which  may  be  of  use  in  dropping  torpedoes. 


3.  Although  reference  la)  is  olassed  as  CONFIDENTIAL, 

it  is  considered  highly  desirable  that  all  pilots,  aviation 
ordnance  men,  and  others  direotly  concerned  with  aircraft 
torpedoes  be  thoroughly  familiar  with  its  contents. 


4. 

that  "It 
wxpldder 
knots. " 
per  hour 


Sheet  No.  39.  paragraph  4  of  reference  la)  states 
is  possible  for  the  impeller  to  turn  and  thus  arm  the 
if  it  is  exposed  to  an  air  stream  greater  than  270 
This  is  in  error  and  should  read  "270  statute  miles 
1234  knots)." 


/s/  W.  H.  P.  BLANDY 
Rear  Admiral,  U.  S.  Navy 
Chief  of  Bureau. 

JME/SSG 

Department  Distribution:  I(a-c,g-m,q);  IlA)  (a-e,o,r-t); 
II(a-c,z,gg,hh,ii, 1J, ) ;  III;  IV(a-o);  V(a-g,i, l,m) ;  VI(a, 
c.d, f ,1) ;  Till lb, cl ;  IX(a);  XLla). 


